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C ha pier 1 


Molecular Geometry and Chemical Bonding 


1,1 Introduction 

laterally sterwiificniisfry ■« <*»** * ^ " 0 

foucboLf molecular geometry. Historically, ii happened the other stray «od- 

wrU?« molecular phenomena were obwrvc.1 am. <; 

stereochemical principles had 1 .. he dcvilnpcd- One 1 . J ^ 

marked Lhe beginning of organic siwajchemiMry miik by ihi. 1 iuii.h pby^c 
Blot (1815) who found IhM certain organic molecule ,0 ^ lc P ““ 
polarised light in solution or in lhe gaseous phasc-a property aj opt‘al 

activity Laier Louis Pasteur (1848). who may be regarded as ihe father of organic 
JtSSy, ascribed Ibis properly to .he 

grouping of items in a molecule. Ii ms. however, van t Hotrandlcnel (18 h 
wOiKing independently of eacn other, who bid the foundation of organic 
stereochemistry by postulating the KlraMnrl geometry of carbon compoun 
thus added a third dimension to the iwodimensional ehemisify c 'ar er dajs 
With the help or the new structural hypothesis, they not only °puod 

.Civil, in terms of asymmetric atoms bu, also made cettam P«*«'om wh ch 
have bins then been experimenully vcrilied, e.g.. the existence of optica! achvuy 
in substituted allencs and spitanes. The tetrahedral disposition of the four carbem 
bonds has now received firm support (tom physical measurements of a morn (h 
nalum. e.g.. electron dilfradion ond X-ray dilTraaion expenments and also from 

The next important event which brought a revolutionary change m the fieldI of 
stereochemistry was the inliodiiction of the concept of conformational analysts 
dnn-ne the early nineteen-fifties by Barton and Hasael This concept not on y 
£3 chemisu to'appreciate certain detailed aspects of molecular structure in 
relation to physical and chemical properties but added another dimciuion a ume- 
dependent {temporal) one to the .hrecJimensionnL mreochem,stry and extended 
its ffiope to reaction processus marking the advent of dynamic stereochemistry. 

1.2 Molecular structure and chemical bonding 

To lain an insight into the molecular structure, one must know the nature of 


U net n.wr’^S the >»**' >•"<>'» s" 1 ""*'' " «" t "' < “ * * 

ircitmelU (m Rjnw*y 
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2 Sfcn'orlamkity 

chemical bo rid ijigs which (told the atoms in it molecule infcibo. For organic 
compounds, chemical bonding is relatively simple since it usually involves stable 
covalent linkages or carbon atoms with other carbon, atoms, with atoms of a few 
other common elements like hydrogen, halogens, oxygen, and nitrogen, with other 
heteroatoms, ond occasionally with some metals. What mates the chemistry of 
enrbon compounds so fascinating is the unique catmeritig property or carbon 
atoms which combine among themselves by single and multiple covalent bonds to 
give almost infinite varieties of structural patterns. The non-planar geometry of a 
tetrahedral carbon having four ligands (connected atoms or groups) and the planar 
geometry of a trigonal enrbon having three ligands permit the existence of 
structural isomerism and stereoisomerism by multiplying the possible ? rrnogcmerits 
of the ligand*. Chemical bom I < up in caflmn i**, mi pi hi mis Inis Ivrn udetpiak'ly dealt 
with in numerous textbooks in organic chemistry and books on reaction 
mechanism and theoretical chemistry. Only a few salient features of (he chemical 
bonding of carbon are included here which air pcrlini'iu In Mervocliemiriil 
discussion. 

1.2.1 llnnd lenglli. bond angle, ilrlil dilieilral single 

llirec baste parameters arc of primary impunaihv til ilt-fluiiij» me lximliiijt 
geometry of a molecule. They are bond length f/). huml angle (n). ami dihedral 
single ftf)*. I he bond length is measured by Hie t list n me hriwci'ii iwn aiumie 
nuclei joined topcihcr by single or multiple covalent homK ilic bond angle k) by the 
angle subtended by two atoms covalently linked lo a third atom as in A— B— C (I), 
and the dihedral angle (9) by the angle between the two planes containing 
X—Ci—C; and Ci—C:—Y respectively in a molecule, X —Ci— Cj—Y as shown 
in (TI) {Figure 1.1). The dihedral angle is best seen in n Newman projection formula 
(111) in which the molecule is viewed along G—C? bond, ihe dot in the front 
indicating C-l and the circle behind it indicating C-2 (the remaining Ttnir bonds 
are not shown). The bond length, bond angle, and dihedral angle arc onc- 
dimcnricmal, [wo-dimensional, and three-dimensional parameters of a molecule 
involving two atoms, three atoms, and four fur more) atoms rcspcciively, I ken use 
of vibration along a bond axis (stretching and compression) and of scissoring 
motion (bending in and out) across the plane of art angle, mean or equilibrium 
values of bond lengths and bond angles arc used The deformation of a bond h n 
high energy process and seldom needs to be taken into cousiJcralitxi. On die othu 



rim 


Figure 1.1 Pniul angle pm! dihedral anpk' 
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hflrttl, dt'fdfuwilipn of In 1 n■ I lUii'li": i\ rcbfivi'ty easy rvtjutriiij? Jippuuumalely 0,0^1 
tJ mot for b cluing ril' 1° and mny hii sizeable ilius causing substriniini dcvintfrti in j 
ilw molecular geometry Irfini the Idealised model h>tscd ctn the equilibrium values 1 
of bond lengths and betid angles These deviations arc, however, not jiifTIcteoily 
h]“h io invalidate the usefulness of describing molecules in their idealised forms 
(see Chapter 9). 

1.2,2 Covalent radii and van dcr Wants atomic radii 

A useful concept has been introduced in express [lie hind li.-iip.ih between two 
uiiints. as in A li, in terms of Lite hypothetical rndii ;. i and />, known as covalent 
radu of amirs A and ft respectively, so that r., + r„ u equal to the equilibrium 
bond length. The covalent radius of an slum is independent of the nature of the 
mlicr atom to which it is bunded, I'lie Kind lengths ami ilie covalent radii of a Tew 
common elements are given in Table 1-1. 

Ikmd energy is another very important parameter of a bond but we are*not. A 
concerned with it at the moment. 


Table J.l Bond lengths and covalent radii 


KpnJ 

Hund k-n^lhi 
fnm) 

EJmvat 

number 

Cilvalfftl radii 
mini 

c -c 

OIM 

C 

4 

0077 

c-c 

0.1 JJ 

r 

J 

0.0665 

C^c 

D.I2I 

C 

2 

0.0605 

C-li 

0 (TO 

fl 

1 

0.05,1 

c -o 

n. i-l.i 

O 

H 

*■ 

H074 

c -y 

H.t2l 

O 

1 

H.UTil 

C-N 

aj47 

N 

J 

0 074 

C - N 

0.127 

N 

2 

0.062 


0,115 


l 

0 055 

C -Cl 

11177 

Cl 

l 

1.100 

C Hr 

ttl-M 

Hr 

1 

ti. i 14 

C -1 

if. 2 HI 

1 

l 

11 IJU 


to each aliun nr iiciiirnl jinuipinj? nnii%|nih(h a drlnitle .Ir.l.iiuv within which 
ii rohu pciieiraiimi hy ntlicr utoins. I'anliug hasentuunit’d (hisdislnnee. known as 
vim tier Wimls alnniie or primp in .bus fur a inmiher nf ah mis mid pnui|V ( J’abfe 
1.21 When two noii'hoiuh-Ll aim ns appiuaeh each ml her. weak all naive forces, 
known as van dcr,Wants allnicfiiui lor l.iuulnti forces) operate imiil at a eenain 
distance (r). an energy minimum is reached, -Beyond this, llic attractive forces are 
replaced by a very strong repulsive force (van der Wanls repulsion or Born force). 
The sum of the aliu ci ive a nd rep ulsive fo rces is known as non-b onded interactio n 
a nd the distan ce r is t he s um of the_yan dcr_ Waals radii_of_lhe two atom s. Il 
corresponds to the optimal approach between two non-bonding atoms or groups 
and plays an imporiani role in deter mining Meric strain in a molecule- Die values 
given m Table 1,2 are from crystal login phots' data which are sliglitly lower (by 
approximately 0,03 nm] than Ihc more realistic values applied to isolated atoms 
(Allincer 1976) in which, unlike in crystals, intc molecular packing force? arc 
absent. 
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Taltle 1,2 van iter Wjuits. shrink: and linnif rwtlll (iuii) 


ii &120 o P.i 4 ci n arso a tutto 

C 0.150 S O.JSS ]' 0,190 Bi OJ95 

cir, q 200 Sc omc f 0.13.1 1 0.21a 


1.3 Hybridisation and chemical bonding 

TTie electronic configuration of carbon in the ground stale is ]5'2s?2p' which 
suggests bivalency (2 empty p orbitals) for carbon, In order to provide a simple 
rn I ion n I kit inn of the bonding in ertrhun compounds, Coding suggested, that the 
four L'&hclt orbitals (2s, 2p„ 2p,, 2p-) be mixed together and then split into a set or 
Tour equivalent hybrid orbitals, designated sp’—a process known ns hybridis.ilion. 
These hybrid orhit.its, under idealised condition nrc di reeled inwards the four 
corners of a regular tetrahedron, "Hie (wo important consequences of hybridisation 
are: four bonds instead of two may be formed to carbon; and secondly, Ihe highly 
directional sp J orbitals provide pore effective overlap during bond formation 
which more than compensates for the extra energy required in placing the valence 
electrons in the hybrid orbitals. Methane and carbon tetrachloride with four 
identical Tigands form a perfect tetrahedron with valency angles of 109,5° as 
shown in structure (IV) (Figure 1.2). tl‘s joined to carbon by full lines arc in the 
plane of the paper, iJ joined by a dotted fine is below the plane, and H joined by a 
thick line is above the plane. During bonding between two sp 1 hybridised carbons 
as in ethane (V), two sp* orbitals overlap forming a C—C a bond while the 
remaining six sp’ orbitals form bonds with hydrogens by overlapping with their s 
orbitals, Recluse of die cylindrical symmetry or electron disiribution in a a bond, 
free rotation about a single bond might be expected. 
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tlpiTv t.I (fyflrutisiiian ind hondiitp fonly axes of hybrid orhilaLs .lie shown), 
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ji similar manner, ore 2 s uml rwn 2p ori*iti*h may J»c Jubnrfrsrd to give three 
equivalent Sp hybrid orhiftth They fie in a phih* entl are aftiktistum from one 
an other making an mttstvbitol nnpie of \2iP mi Two of the sp 1 bj^rid odtUtis 
£sn undergo axial ovcrfjp fanning a C—C'tt bond as in ciAyfeac ( Vfff m dh the 
remaining four hybrid orbitals forming a bond* with four hydrogens. Each carbon 
is left with one Ip orbital (containing an electron) perpendicular to the —Cli; 
plane; shew orbitals can undergo lalcr.il overlap with each other forming a rr bond. 
The two carbons are thus doubly linked which .shorten* the bond length and 
confers extra stability to the bond, fn order to provide most effective o vet bp 
between the two p orbitals, the molecule should necessarily be planar and any 
deviation from planarity would weaken the - bond. Asa result. motion around a 
double bond is highly restricted. 

Hybridisation of one 7s and one 2p orbital similarly give* two equivalent sp 
hybrid cubital* which are linearly oriented (maximum separation) and the in¬ 
ter orbital angle is ISO 3 (VUI). In acetylene (IX), a a bond is formed between the 
two carbons by axial overlap of an sp orbital of each and two more tr bonds to 
hydrogen are formed by overlap of carbon sp and hydrogen s orbitals. In addition, 
two rr beads arc formed due to lateral overlap of two sets of mutually perpendi¬ 
cular 2p orbitals The two carbon atoms ore triply bundl'd which cause* a further 
shortening of the band length and an increase in the bond energy, because of the 
radial distribution of electron density, rotation about the tuple bond is expected to 
be free* in any case, it does not alter the shape of the molecule. The geometries of 
sp*, sp l f and sp hybridised carbon are tetrahedral, trigonal, and linear with 
Tour, three, and two ligands respectively. 

Nitrogen with in electronic cOOltBtiraDcm, U J 2ir2p!2p J ,2pi and oxygen with on 
ckarpnic configuration, |j'2s I 2p«2p, l -2p i - are also assumed to form bonds through 
similarly hybrid orbitals with the difference that one fin nitrogen} and two fin 
oxygen) of the hybrid orbitals are occupied by a lone pair or perns of dcctroiU, til 
Table I.X Ibe characteristic properties nf a few cnnimnii bonds nre summarised 


Table l-l ChnmirtUii; ttrpprrHcs id .hum- r < . -.v md f—<1 bund* 


t'yivflt 

hml 

Sink .it 

MiiUvii1.it 

pftiuvtry 

Hi uni 

lovth' 

teinttl 

It* ii*i Him*it- 

lOlmiMxti 

HnU 

rncip 
tkJ nxiJ h 

H i, iF.TI IX Idh 

C-C | " 


tohiMdhd 

0 154 

109.5’ 

550 

fiwT? f 

TfiC 

*ir 

triroml 

0IJ4 

1MP 

670 

remiclcd 


n *P 

linear 

0I2€ 

1KT 

960 

free 

C-.'v 

V 

ictrabc-dml 

0M7 

IW.J' 

m 

"Ifn:'' 1 

t" - N 

^p h 

irifemt 

0121 

IW 

616 

mlncifl) 

C N 

*P 

1 

lineal 

D 115 

i«er 

tw 

m * 

( u 

up' 

trfpqMl 

II 121 


7W 

inuietccl* 


Tlw bend fa*tfe nre tlivuly inclikfeil in Tuhle I l hut itfawliiml here for the ukc of rempirenn 
i N lejllv fire, vr later. 

* At icei in etanpIdH. 
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Fifcure t3 Demean of bond angles 

S~£!L !^1- S • 1 " J «.J* shown in (XI!) «jd (XIII). The 
“2=2“ “W«. 1,1 MsO u»n to sulphur j| : s because of 
; - wfeiclf explains the difference in bond angles:^ 
Sl ' c ,ntCra ^ons of the lone pairs of electrons occupying ihe 
>rb t tals mcrcasc the mterorbfod angle op ihrir side and 
Wcen tf,c tWo hydrogens, the effect being stronger in H>0 


bond angles 
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because of higher dcclroncgativily of oaygen. The order of Ihe repulsive inter- 
ecnon between point of electrons is; lone pair-lone pair > lone pair-bond 
pair > bond pair-bond pair. The H—N—H angle in ammonia (XIV) n 107.3“ 
and may be ascribed lo the interaction between lone pair and bond pair electrons. 

1.3.2 Bond ancle deformation In small ring compounds 

Bond angle deformation plays a more important pan in cyclic compounds Thus in 
S™™™; ’ h 1 e >"'«ntidbar angle is. by necessity, 60“ much smaller than the 

strains 111 * lvcs <0 serious angle Strain (Bacyci 

■ 1 the molecule which can be partioll)- relieved by rchybricHstng the eiufo 

nni. orbitals finercaangjbe,^.that the fa*fMtmrArtaf nnJfelv 

nteol to 106 or even lew I he orbitals forming C-C bonds overlap partly 
along the ax,a I and panly in Ihe lateral direction Tbis type nfbond is known as, 

. '"Miraof hem or r bund amt is intermediate between a pure n unit a pure ir 

m ?h^l77 ° f n,nx,, " 1 “"’ r ,h| ’ l! " XV in Fi P* ,c ,3 > **» W correspond 
to the miernuclcai „* ls «nd cyclopropane behaves like an unsainraied compound 

g ”? .**■ * 2 ?™ ° f '« WW’«<ane. the imnnSK 

S" r**™ y :,,ul ,Q95 " respectively and ,|,e angle strain is 
bter chMm “ M "" n '°lher ring systems will he dimmed in a 

L4 Hydrogen bonding 

h^™r^a- fd, mi. Q ' a,n h “ com ' ,k,c without the considers,iem 0 f 

hydrtyca bondir^. ft hen a proton donor group ;A-H, A being an e»eeno- 
negative dementi intends with an electron donor (:B) having a lone nair of 
decrons or a rr bond, a weak bond is formed repressed byYli B knZ as 

Qvdmgcn-hond iH-twndl. If the iwo group* belong to Ewo differem molecules 
w. .r": in “ rn >°l““!« and association between the two molecules 

"" V Ir , ft , Cy , r °"” p,n of thc * mc mok ' ct,,E ' Ihe llbond is called intramolecular 
i *’* 1 “PP°« S nsocmlion. Examples arc shown in acetic acid dimer 
iX\i) and atlicylaldchyde (XVII) respeclively (Figure 1.4). The molecules of 


CH,— C y 


O-H 


3 -c . 'O 

5 ii 

°-. 

H—0 


(XVI) 


(XVII) 


Fieurr I i IhtJffigL'n bonding 


lr 1 u CQhQlS arc hi6hty a5S0dited *ic In imcrmoIccHlar Ibhonds The bond 
-melt ,n A-II -.-b is preferably 1 HO 1 * (Itntsrj but may vary ffirwiiilJy in crvstnl-, 
or when rhe hood is intramotedar) depending on thT re«nll oMhe 
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molecular geometry. The bond length is typically 0.3 nm and the bond energy Lies 
within 8-40 kJ mol -1 but can be as high as 170 kj mol -1 * e.g,. in F-H ■ * *F. The 
bond energy depends on the electronegativity of the acceptor centre (II), the bond 
angle, and the acidity of the donor group. Etccatuc of its directional properly and 
its ability to connect groups which arc many bonds apart, H-bnnds play a very 
important part in shaping molecular geometry; they are particularly significant in 
molecules of biological importance. Thus (he secondary structure nf protein 
molecules, for example, arises out of 11-bonds formed between IM —II (donor) and 
C=G (acceptor) groups or non-adjaccnt peptide moieties. H-bonding affects the 
physical, chemical, and spectroscopic properties of the mnlecnlcs in which it 
occurs, being nest to covalent hum)* in energy, its <recurrence profoundly in- 
fl Lienees ihc relative stability of mofecuhr shapes (coil form a Linns) and is llius an 
important factor in conformational Analysis lo he discussed later. For other aspects 
of ^-bonding, the readers nre advised to consult the literature cited at the end of 
this chapter. 

1.5 Rotation around bond; and change in dihedral angle \ 

It has previously been noted that rotation about a single bond fe.g. ( C—C) is ' 

relatively free while rotation around a double bond (eg., C = C) is highly 
restricted Between these two extremes, there exist also intermediate bonds with 
ft.iction.il bond order arising alii of iivtcrnuclcar delocalisation of electron! 

Rotation around these bonds arc also more or less restricted. These three types of 
bonds arc discussed in the context of restricted rotation and change of dihedral 
angle: 

1 .5.1 Rotation around a single bond i 

t 

According to the principle of free rotation of classical stereochemistry, rotation ? 

around a single bond was considered to be fitc. Strictly speaking, this would mean j 

that the potential energy of the molecule is i ndependent of the dihedral angle. | 

liowever, calculation uf enthalpy and entropy of ethane based on statistical ‘ 

mechanics showed lhat in order lo bring agreement between ihc calculated and 
experimental values, an energy barrier of 115 kJ mol 1 has to be assumed. The 
diagram (Figure I J) shows the change or enthalpy with the change of dihcdml 
angle from 0° to 360°. Three energy minimum conformations*, known as con¬ 
formed and three energy maximum conformations representing the energy barrier * 

arise during the operation. For ethane, the three conformed arc equivalent as are 
the three energy maxima (barriers to relation). 

In order lo specify the conformation! It is necessary to represent them in 
perspective formulae following certain conventions. Three modes of representations 
are commonly used, n amely , s awhorse formula, Newman projection f orm ula, and 
B]™£J!? c dgeJiiiiiiul:i (sec Chapter 3), The tint two arc illustrated by lhc structures 
(XV11I) and ( JtlX} (for ethane) respectively. Tn sawhorse formula, the C- C bond 
is viewed sideways while in Newman projection formula, the C—€ bond lies 


•■Spatial orientations of a molecule which differ only In ihe dihedral angle and tit easily iftltf- 
conveniblc ire called conformations. Mow details! definition is given in Chapter ID, 
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FJpurt 1,5 ReMnCtfd rniaiinn in nhanc 

Olcni I lie line of vision eral cannot be seen. The niher bonds arc oriented rediilly 
making 120" angle with one Mother. The 109.5" tragic ofa tetrahedral arbor, end 
Me of. trigonal carbon would appear ns 120" nod 180" respect, velywhn 
nrojeacd on n plane. The conformation (XV1H) or (XIX) will, the s,a hydrogen 
atoms positioned as fir apart as possible is called staggered (J). The confortMOM 
fXX) or (XXI} with the hydrogen atoms in pairwise conjunction is called eclipse* 
(e). The dihedral angles arc respectively 6<faiid (fin these two ccnTormaUoJis. 

detailed nomeitclaluii will be given elsewtiere. _ iil( . 

According to the spectra! evidence, the staggered conformations are enei^ticaJly 
preferred and contribute to the ground state population of ethane. The echpsed 
conformations correspond to the energy maxima m the diagram wd 
barriers between the conforms. Since the energy barrier is low (12,5 liJ mo h 
ihe interconveision of conJormers in ethane is fast even at a comparatively low 
temperature, i.c., their kinetic stability is very low. 

The torsional strain in the eclipsed ethane is believed to *JS“h** 

interaction or the eclipsed C-H bonds. Steric contribution due to pon-bondttl 
interaction between the vicinal hydrogens is negligible m :4c 
distance {0.23 nm) is almost equal to twice the value or van der Waals atomic 

radius of hydrogen (012 nm) (see Chapiter 9). 

1.5.2 Rotation around a double bond 

Rotation mouud . double bond b highly eotricted beettne il dferapta . whoad 
2 .Butene cm. be eepreseotad by two i»menc Kucturs (Xm giJKXm 
(Figure IjQ. both beisg ptaner uod belong dihedral augles of (F .nd )»D" 
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respectively £$cc Newman projection formulae, a and b viewed along C = C 
bond). They differ in (he relative disposition of the methyl group* and ate called 
cw and traits iwmens respectively, This type of aterooisonwrism will be discussed in 
(tmre pmumt terms Inter. Start ins froni the Mniutiuv IXXII. nl an increase nf 
dihedral angle to 90 ' breaks the jt bond completely resulting in n btglumerEy 
njwcies (XXIV. r) in which the two p orbitals etrt miiiuaJly perpendicular A 
farther rotation of 9CP regenerates the ir bond giving (he irsn* isomer (XXIII, fr) 
{which is more stable than the ds isomer by approximately 42 kJ mill 1 due m the 
absence of non-bonded interaction between the two methyls) with h large drop of 
energy (see the diagram), Another energy maximum occurs at dihedral angle 270 s 
corresponding to a species fr H ) which is the mirror image of XXIV fr) and finally, 
the molecule returns to the original structure (XXII) after n rotation of 360*. The 
energy barrier separating the iwo isomer? is very high and as ti result, imer- 



Mi 


Ml 


\ / 



1)1X111 


rxxmj 


(XXIVI 




t 



(XXV) 


IXXVIJ 


O-Q* 90* tao* 270* 3SO* 

RpUe I.C Restricted rod if n iumitiil double htinul rwimpfn nf Rmlfdl rule 

conversion between them is not possible under ordinary conditions, Otlter double 
bonus, c.g., C = N, N — N behave similarly and may lead to cis-uans uhhucHmu. 

Bredt's classical rule which slates that double bond cannot exist at a bridgehead 
position finds its justification in the special geometrical requirement or a double 
bond. Thus the h level ohe pi enc (XXV) is not formed because the planarity required 
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* 

- ■ the r? bond cannot txrmaintained in the rigid ring system. On ihe other hand, 
me fciicydoflonene (XXVJ} will} a bridgehead double bond is siablc. Here the 
r 3-jriiy of ihe it bond w secnmmndaTcd by ihe puckering of (he large ring Many 
.'icer'ii ns n» |Jrcdi\ rule nrr now known* 

5.3 Heslricted mluliim a round mttrmrriiirii' (hybrid! ImhiiJs 

r-jre are molecules m which a ptirlicEilnr bond Es neither a purely single nor a 
r - rc!> double bond but a hybrid between (be two. A common rumple is 13- 
_d ene (XXVII) ( Figure f 7) in which Ihe bond connecting Ihe second and ihe 
. carbon develops some double bond character due to resonance between ihe 
canonical forms (XXVIln) nod iXXVIlb) Ait nllcrnative l- a pit nation based 
oa delocalisation of the four rr electrons over the o framework of the molecule 

- -rbrtal overlap) maybe given. Two conformations, riscisi fX XVIII} and tnnsoidT 
X WII) are possible and arc separated by an cnetjjy barrier of appro* tmatdy 25 

kJ mol" 1 which is much higher than in ethane but not high enough In permit 
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Figure 1.7 Hr^ if it ted rotation i round puli^ double bond 

iiolndon under ordinary conditions^ A still higher energy barrier (about 75 kJ 
mol 1 } is encountered in Ihe rohilion around C— N bond in hr-melhyl.N- 
dhylncctamicte {XXIX}. the double bond character of the amide bond arising oul 
or de localism ton of tlw nilmgen Inne pair of electrons. Here aim restricted 
Mtminn leads to (wo disrinci isomers; however, ihe rniniirm is ion fast lo permit 
their isolation- although they can hr dislinpuudifrf by low temperature NMR. It 
may be noted i hnt any I wo s pedes in equilibrium cnnnol ordinarily be *cparafed at 
room temperature unites ilu-y tire separated by a minimum energy harrier of 100 


* .Sec lluchnnir 1 i IW i lur i irvi-cw i-f UirtH 1 ' mlr anil Kmc ’ l 1 }^) liii j ffn w i'n Urulpehrad 
oktiiH 

* AJmj billed Feu jind a-irnm rapeaivdy ij ruixh Fnr single bond I 

t ITie ;-ci» furtfl ha* hetrl Imppcd un til plalc inJ Mini id I iy UV ,ni4 IK {tiquillftCQlC (I 4l VfTi J 
by Kutidcnly cootinp a hoi vjtprur (rn-ymrCj trf UitliiCicne lo jl K (malln «fMMltrn>): ft 

i:<n Jiftdl j Irjni IS 23fi and 230 nm n-tperinTly. 
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12 Stereochemistry 

\ t maf' Below that they can be detected by various physical measurement* UK 
NMR etc.) depending on'the litnc-^lc or ctoavnuw instrumtni frequawy. nn 
the average lifetime of the specie* in equilibrium. 

1,6 Catenaries 

An interesting class of compounds in which two or inofe rings ^ hdd to f^ 
^ b! any chemical bond bn, through iutedock bctwecnnrgs <&**}#* 
knowi! u eaienanes. One of Ibe earHwi catena nc synlhnsiwd a represented b> 
structure (XXX), Some DSA'S provide examples of naturally occurring caienane^ 

the two dosed stands behsg interlocked wilh «ch other. A " Ie ™™“Jr™ 
-itled a tanotoeicat homer of the two isolated composite tings The colennneS pose 
“!£ n \ZS U«n* regarding their physicochemical property fDmUncv 
mi) The trefoils are another interesting lype of molecules in which a flflftlti 
Cham is knot led, c.g.. XXXI. They are topological iwmets or the corresponding 
li liknulled molecules (Schilt 1971). Topological siereochcmiHtry has been recently 
reviewed (W nt|wi l985 - Salvage and Okirich 1991). 




1-lEore 1.6 Cotenanc and trefoil 


17 Summary 

1. Three task parameters, namely, bond lenglb. bOhd angle, and dihedral angle 
which affect the molecular geometry have been deft tied. Deformation of a bond 
length is a high energy process but change of bond angle is relatively cosy and of 
general occurrence. Pauly drastic change in bond angles is seen in small ring 
compound- like cyclo propane and cydobtitanc in which the inlernucli.ir and 
microrbiud bond angles are widely different. This leads to angle strain also known 
as Bacvcr strain, 

L Bond length cun be expressed as ihc sum of the covalent radii [t hypothetical 
parameter) of the two atoms for tiling ihc bond Path atom and group has a 
definite radius within which it resist! penetration hy other atoms and groups Tlrcsc 
radii are known as van der Waals atomic or group radii and define the optimal 
approach that tun non-bonding a I mm nr uroups can make. They determine ihc 
intra- and imermolecular tiott-bondcd interactions which are responsible for slcric 
elects in siereochemtsiry. 

3 + The fornuUioD of covalent bonds (single, double and triple) tn carbon 
compounds has been ratioriahscd using the concept of hybridisation of bonding 
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Afolecv'ar Geometry and Chemical Bonding 13 

orbiuls. The geometry and other characteristic properties or bonds Formed by 
overlap of sp J , jp\ and sp hybrid orbitals have been discussed with particular: 
rctcrcncc to stereochemistry. Dcvialions or bond angles from the mean or 
equilibrium values expected From bond hybridisation [idealised values) have been 
explained on the huis of steric (Thotpc-Iogoltl cfTeci) and electronic factors. 
Alternative explanation based on the change of hybridisation of bonding orbitals to 
accommodate steng and ekcironic factor is also thought to be important. The sp , 
sp 3 aod sp hybridised carbons am calted tetrahedral. trigonal, and linear wth bead 

angles of 109.5® 120“, and ISO 5 respectively. 

4 . When a proton donor group (A—11} and electron donor group f:B) interact, 

„ weak bond known ns H-bond. A-II- - ■ II b formed with m average energy at 
8-40 fcj moT' and a typical bond length oj 0.3 nm. In view or iis direction* 
properly and its ability to join two groups many bonds apart, this bond plays an 
important part in stereochemistry. Depending on wbetba the two groups, _ 
in S°B belong to the same molecule or to different modules, the H-W « °JM 
intramolecular or intemtolecular. The two types affect molecular prcpeih 

^T When two atoms in a molecule ate joined by a single bond, the molecule 
beL^a dynamic system in which . few s,*c« 

(conformed) «*» ^^,1“^fcbeScal behaviour of the 

si ".rsrsf^ Abscissa! 

diagrams. . rt -™ntercd during the discussion are 

6 , The different strains aad injeractKjns . ^^nded interacUon 

weak attractive van der f ° r «? ( . b coulombie or electrostatic 

-s asss ssssms -^——- 
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Chit pier 2 


Molecular Symmetry and Chirality 


2 A Introduction +**"***' 

Stereochemistry is primarily concerned with molecular geometry and molecular 
geometry is best described in lerms of symmetry. Molecules cons hit nf ainms held 
: lV^ci by more or less well defined bonds and may usually he trraied as rigid 
bodies ' *ce t’haptcr I). Ilie multitude of molecular sliintuii'.s con be brought inki 
s, rTTc sort of ordei by classifying them ml.i several categories based on [he 
■ TjfI =e fT '> I’fM'ratjCHi? ihai can he performed • >ii them. The classification not only 
h«tf* (o underhand the stereochemical behaviour of the molecules but finds 
significant applications in other branches of chemistry as well. For non-rigid 
molecules, the symmetry is considered cither for a particular conformation nr for a 
nme-amnge one '\n elementaly treatment nf symmetry c I issifl cation is presented 
here as being useful in tewaj aspects of organic stereochemistry, 

22 . Symmetry npuruflmi.s ;md .symmetry elements 

In Order to study thc syianiriry iT j iinik'njl c, certain op erations such u mutton 
reflection draper fon med ami if by so doingr-an amtHpenu-iii .s obtained which 
liiJiMinpslui'k: from (• uperjmgihlc on) ttir tutgin il mic, ilic up* rabini o , .illcd 
i svmnu'tfy iipcrniimi atul tint uiolcciile is said to possess an element til ivmtnctrv 

: rcd hy the opo pnf.tcit Hie symmetry operation and symmetry 

etc mat ate thim inseparably finked* and often rcjiicscntd by the name Symbols, 
rherc are bus i cully nnty two symmetry operations* namely,, rot at in ri and reflection 
^nd i combination thereof) Symmctr;- Ki?ctl vilely on simple muninti is often 
ottod symmetry of the first kind whpreas symmetry bused- on reflection or 
ttssutin-rdletiiun is known as symmetry of the seumid kind. It is customary to 
Ccscribe the symmetry of a molecule in terms of four symmetry operations and 
four corresponding dements of symmetry. 1 

2.2.1 Simple or proper axis of symmetry 

j. molecule is rotated around an appropriate imaginary axis by an angle of 
- ;T n and arrives at an arrangement imlistinpuisliable from die original, the axis 
s called an /i-fold simple or proper axis of symmetry or a simple axis of order n 
The axis » designated C« and the operation is eafled a C operation. The operation 

‘ •. i. lW nu> rlfgiflUl h * gft^srlncHl entity, c.£., * ^uil. ji Inis, «r ft [Omie uitfi irSf«d to which 
j>ipncin iraaiwr. hk twricJ uul 
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1 A .Vhvtwhr'wrhir/ 

if repeated « times leads U* * an oriciiiaiioii identical' with the original. The 
tiiulevule of has one [w<>—Folt! simple axis af symmetry fC;) bisecting ihft 

H—0-H angle, chlurofonn (I) f« also NH, and NRj) has one C> mis xfcmg the 
( — il bond, bcracne til) has one perpendicular C* axh und in Addition. si%. C; 
ase^ lying in [he molecular plane fthree passing through opposite moms and three 
bisecting the opposite C—C bonds}, eto- and f«^r,3-dimcthylcjclobulnnta (ITT) 
■nd flV) have one Cj aids (vertical in ffL horizontal in TV), r/dm-dichloTMthylent 
t V) hits one C? axis perpendicular to the molecular plttnc. and cyclopropane (VI) 
has one vertical C, and three huriztmlal C; axes figure 2,1 K AC, iixis is In via I 
Since rotation of any molecule around any axis by 360° leads to the original 
arrangement (an identity operation}, On (he other extreme, linear molecules like 
C—JUnd f! C— N possess a C. axis coincident with the mlernueJcar 
bkls since min | ion around it by any angle gives an equivalent structure. Acetylene 
IV) 11 m addition possesses an infinite number of C: axes perpendicular In the 
centre or theC* axis. 

J[ u customary to write a molecule so that the axis of the highest order known 
as the principal axis is placed vertically, ialong the *axis shown in the diagram 
(f igure 2,1) and thus provides a good reference for describing other axes and 
planes;, fn the case where i molecule has several symmetry axes of the same order, 
the one passing through the greatest number of atoms ls taken as the principal axis, 
see. for example, naphthalene (VJIf), ethylene fIX) and iflene (X). All of them 
contain several C? axes but those shown vertically pass through more than one 
atom. It is also to be noted llud during the operations, one poin in the molecule 
(the centre of gravity) remains unchanged in space. Symmetry of this kind is called 
point symmetry to distinguish it from translational symmetry which involves 
displacement jn space 

2 . 2.2 Plane of symmetry 

A plane of symmetry ts a piano which divides the molecule (or .in nhiL\‘i) mu* two 
ha lves which arc mirror imupcs of each cither, in other words, reflection of the two 
linKfs nf the niol^ciile Ptroiwi the plane (a reflection plane) gives a Xlfuciiirc 
imitating niahahfc from the original. The plwie is oiled a ti plane tut d tlw operation 
it a operation. Iwuo operations nre cquivileni u>nn identity >‘iteration sintc they 
turn the molecule into the original It is important to nc*f that the two halves 
ihcrmche* may not be supcrposablc, The molecule of water has two mutually 
perpendicular o pljnts, chloroform (1) has three, each containing a II -C-^CI 
grouping, benzene (11) has one horizontal (the molecular plane) and .six vertical (a 
set of three passing through opposite atoms and another set of three passing 
through tta opposite bonds), r^l ,3'dimerhylcyclobutanc (III) has two vertical 
tone passing through the methyl-he .mug carbons and the other passing through the 
two methylene carbons), the trails wimfr (IV) has one vertical (passing through 


*]||f Ifrrai iniii.iftttfiiitihtfbh’ mJ uUntiiiii hast dijfitKilt runouliilii'iM m ttlc iwrwnt OilllMl. the 
foroier refers in sn> eqnlvtlem iriHupemerL ifnsetf ji t*y cii-hinpiir rimrilar atunti or xroujw while 
ihe latter mfei* ilrictly m (lie nrigmal. The "truli m* which travel the n ■imtilr vc-haiiml i >-, « rf 
nrsfbins hftd htffl J.rne in il. Is gulled nn idcjilitv opratpi'n ,|--J„ 4n! hv 1 J rquiviUnl ift Cp, C:. 

* S « etc flh supenenpo reproent the rtiimhet cf lima iIk rtneramm p twifrvrmed l 
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Hgurc 2.1 Examples of C,. of. a*, and aj fdolted line reprucni axes) 

the mclbyl-bcaiTinB tirtiuns). iflflflJ-dicblofocihyicdc (V) hu one coincide m with 
UK molecular plane, cyclopropane (VI) ha* one horiiontnl and three vcn, ra | (each 

i„,i i “ h . 0n “ n “ l »' end on •□finite number throueh the 

“-T (VIII) has one hori™ J?ntl two venial, 

h.lctie (IX) h» two vertical and one horiinncil, and a I lent' (X| hm two vertical 
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18 SiercQchcmlttty 

muwally perpendicular. They are easy lo comprehend even veil hour Hie help or 

byV.n"e ihfnA^I 0 ^ !f* tlhc ' Sin “ 3 «"«"*» has been set up 
uy pacing me pnoapil axi$ vcrtica y faloiiE ihe ^ 

« in relarion to ir. Thus o. *£££,* 

” CI' PrC T," »“»« a* angle hS'cen 

rtf , ^ KCS ‘ T hC th CG lypOS of l>lancs a,c CK »>pliricd in Figure 2.1. The number 

of a, and c-r plan* may and * gre „ l[rr ^ ^ « n,n ““ r 

2.23 Centre of symmetry or invcrsjonjrcnfre ; 

IJL*? 1r * ° r y m ^ clf y or an inversion centre (r) is a point within a molecule such 

dhtaiL t E? ) 15 i0fnCd 10 ft and lhe line extrapolated to an equal 

S?5 ;r«5 tttsrxz 

«mre of the ring. rvn^icHoroeihylere (V) ha?one at " he mid^i™ of ^ 

' n-i'usillic acid IXI)and the anti conformation ormrae-tanaricacid 

StaStaSSS r “ by , a 'T T am (Kp,rc 2 » ntesence oratenceS 

the nSSfc. “ y IB0, “ UlC ““ * by an inspection or 

22.4 Improper or nllcmaliriK or rotation-retire I Ion axis 

An mi,proper or art aliemalin^ or a ml mim.-i violin.. ruth of symmetry of imk r rt 

* llfl . W ll) awJf s,ldk lhal a of 3«rvi. anwjul ii rolJuw£| by 

It?? "I a P r C . rpCml " ;,ll:,r 1(1 lJ,,: i,ai * l' cncra| ^ « Aimcluru rncliJGiisiKuish- 

ehinr'° m lh *° r ' p 1 mi i rhc 0rJcr ° r lilc lwo options muy be reversed without 

™u£n nMaS? 11 L V T lMl "■ ,ruxi1l]c acid f xl > is fln Sj axis since a 

reunion of 80* around it leads to lhe straclure (Xla) which on being reflected 

CoSformal. P od7x , rh lh f ^ ^ ' ^S 1 *" m W aktt OQ lhe °^ aai f*0. 

Conformation <Xll) of wwo-urtanc acid on being similarly reflected in a plane 
placed at Ihc ctjtre of the C—C axis and at right angles to it (Figure 2.2} gives Hn 
orientation (Xlla) which on being rotated around the axis by 180* becomes 
supcrixrctb e with the original (Xll). Tl.e con forma linn (XII). therefore, umihii.w 
an ^ axis, bomcluncs, il is mure convenient to imagine a mirror (a mirror plane] 
placed perpendicular to the axis but outside lhe molecule followed or pimped by 
rotation. In this case, a translations operation is necessary in order to superpose 
the image on the original and the centre of gravity of the molecule is displaced 
during ihe operahon which contravenes lhe definition of point symmetry. The 
same conclusion, however, is reached and lliis procedure is recommended for 
molecules in which a reflection plane is noi easily visualised The S. axis is called 
an alternating axis of symmetry because lhe equivalent atoms or groups exchanged 
by the operation lie alternately above and below the reflection plane. 
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centre. 


(XII) mini 

Figure &2 Examples df inversion centre, Sj, anti S. axes 


IXJJIo) 


:: be observed that an S: operation brings about the exchange of like pairs 

-^ or S^ups are equidistant bui in opposite diredions from a cent" 

- = ^ tr coordinates change from %, y, z to ~x, -y, -x with respect to the 
TV— is precisely what an inversion operation fi) does. Thus an Sj Aits is equivalent 
: mveraioa triune fr), In fuel, my axis passing through an inversion ccnlrc 
" J ©olccult is an Sj axis. The readers may confirm this with the help of 


- S operation consuls nf two operations, namely* a C t and a a. Since the G 
ijo : caves [he molecule unchanged (ie n an identity operation), the Sj 
. < r i "ls can be equated to a o operation {the axis and the plane are not the same 
- _.•' ■£;£ operations are). Therefore, instead of looking for Si and S: axes in el 
acics^ik, cne may luqk for a a plane and an inversion centre respectively, 

,: arc lew known molecules which do not have a o plane (St) or an 
:id*oc ctnirc (S 3 ) but have an S, fir> 2 ) axis a$ (he only element of reflection 
= - _-v*. An example is found in 3AH\4Metramethy3^pirtHlJ r >^pyfrolidi- 
" '^ 1EI ' ( F 'S ur * 2 J) which has been specially prepared (at salt) to study 
type of symmetry. The struct are does not have a a plane nor an inversion 


^^*“ * a plane mns: bit q cvm and eseonipvca a C. tail (5 »CJ bul 

'*■ wiariTibc ittokl ‘ 
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20 Stereochemistry 

"Ks * 5ymm " ,y (Sj) - a 9 °“ «**■ 

icflectcd ncross ihc hortainial n w sWn l ° C *tmclure fX|[|a) which when 

(lie original fXI|[). During ih c £ r0CCSfl S !™ Cfu [^ 'ndistinguislmble from 

coincides whh the lower hair of vm\ t0n ’ thc UpRCI hjir of xrrr a 
upper hair of XIII. 1. may £. noiiceJ h' " ’° rt T , h J lf °J XTTT * w,lh «■ 
rXirO havc **„figuraL ,lM!I “ 

and 4 have ihc opposite S'-configtuiUoii fV^V ? * ^ S mrw ** 1 3 ' 

other). The different svmmtr™ ^ ' 3 ^ arc mirTor 'mages of each 

symmciry jire summarised below: nml <llc airrTs P° n d''Vl elements of 


Sytnmrity clrmntfx 

Simple or proper unis of symmetry. t' 
J'lane of symmetry, a 

Centre of symmetry or inversion 
centre; / 

Alternating or improper or rotation* 
reflection axis of symmetry, S, 


Symmetry opemrhnt 
l< Itnlulinn 
2, Reflection 

3 * Inversion through a point 
4. Rotation-reflection 

23 Point group classification 

s5^^SSS5ksSs3sb 

con.binrfjyfo™ 1 2”*"*.*" * r ' mc,! * 

uncharged, lh= „ mB b <Xd 

croup the ^ requi,einc,lts ,0J a «t o! symmetry operaiions to consliluc a 

FM^^rn 

l^n Se °d wL'f 1P,er ^ f ° r *«■ Pen. groups “ 

1. Linear molecules with p C* a*is and a o h plane, e.g.,-HC = CH O = C - O 
bebhgjo the point group These with J C-'.& but no “l plane, ■£ 
ll-C - N, belong to the point group C«* (Sfc diagram A). * 

mole ^j5 s of hi * h symmetry arc classified under poim croups T, 
JKS? 1 T"T VX * <“ [ahcdri > and A ficosahc^l £SL% 

"iot =«"> ,'Ss 'T u' ^ fol,r Ci •”» ,hrec C ’ ™ ?«*» X 

rL??r l , d * p;an “ hcL,rt r "> t»>c t:. n*>mi group and octahedral ,nccicv 

crounVXrT 1 *" IL F‘ C * nt,mbcr 4jrsjfmmc,r > cWms Wni^ In Hie 
Sd m '" nF ' 3 Cl AXls (ac,u:,ll V s ^vcnl) belong to h, point group 

T ar L ihv mmt highly symmdncil Jiudcctiles (ml- iliHlCL-alialraiie in Chapter 11 f 

l^ZZ'^Z “ di3Erarn B - The A "“ poinl s™up contains infinite 
number of Cs and o s and docs not apply to molecules. 
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22 Stereochemistry 

'3. Non-linear molecule!! with lesser symmcliy may have a principal simple axis 
of symmetry <C,, n > 1). If in ndditinn u> C„, (hey powtess n C? arts perpendicular 
In C„ t they belong to the point groups Uh Ai-t ot (I.) stands for dihedral 
symmetry). fn order in differ foliate them, one looks for n rih plane. If it exists 
(along with fi rt» planes), point group />„i, is iiulkatid. If (here is no m, hsu only fU 
planes, the molecule belongs to Ihe point group /A.i, In the absence of bntli, the 
point group is D„. This is shown on ihe IcH hand side or ihe flow-sheet diagram C. 

4. In the case where C» is ihe only axis wilh nn C? axis perpendicular to ii, faur 
point groups, C.k Cm, C„. and S : . are to be considered. The presence of a n* plane 
indicates point group Gi,; if it is absent bul uv's arc present, ihe molecule belongs 
to point group C„. Both or them being simultaneously absent, the point group is 
either Sir or G which can be readily disiinEuisbcd by the presence (£», point 
group) and absence (G point group) of an S:n axis (the order must be even and 
hence 2n is used). This is shown nn the rigid band side of the diagram C. 

5* For molecules which do nol have ary C. (fl > I) axis, only three point 
groups G, G, Ci are to be considered. If a o plane is present, Ihe molecule belongs 
to the point group G; if it is absent but an inversion centre is present, the point 
group is C In the absence of hoih, Ihe molecule belongs to ihe point group Ci 
which does not hive any element of symmetry except for the trivial Ci axis and is 
truly asymmetric. The assignments arc shown in Ihe diagram D. For organic 
molecules, point groups under diagrams C and D arc more pertinent. 

In Table 2.1, a few represcntalivc molecules, their elements of symmetry and 
point group classification are given. The readers arc advised to verify the 
assignment of the point groups wilh the help of the flow-shed diagrams. More 
examples will follow in subsequent chapters. 

2,4 Molecular symmetry and chirality 

A molecule (or an object) can have only one mirror image. If the image is 
supcrposable on the original, the molecule is called achiral. On the other hand, if it 
is nol superposable, the molecule and its mirror image form two distinct species 
called enantiomers (sec Chapter 3) giving rise to a type nf stereoisomerism known 
as enantiomer ism. Such molecules ore called chiral and the two enantiomers, are 
said lo differ in their seme of chirality or handedness in the same way as a right 
hand differs from a left. A ease in hand is the two farms of lactic acid (XJV) and 
(XlV'l (Figure 2.3} which arc mirror images of each oilier hm unn-siipcrposahle. 
The former U dcxtrorotalory. U., it lurns the plane of (tic polarised light to the 
riglii when ihe light beam Ls viewed end on and the oilier is kvdfDlnlury, i.C,, it 
turns the plane of ihe polarised light to ihe left. Chirality is a nccc^nry and 
sufficient condition far the occurrence of cnaniiomtrism and is (Vicrmined by Ihe 
absence of rolntinn-re flee linn symmetry (St, axis nf any order) in the iiioIl'CuIc. All 
molecules belonging to (lie point groups Ci, C and IX, (shown in the flow-sheet 
diagrams) lack reflection symmetry and arc chiral while molecules hclonning to the 
test of the point groups shown in the diagrams" arc achiral. For example, lactic 

•la principle, molecules with IctrataJnl. octahedral, and icrahtdnl lymmeiry but licking plane of 
symmetry or inven-ion mil* {poitl groups T. (?. and /) iw *1* chirat. Bui iliey are ilrootl 

AOMiiiini! 




Scanned by CamScanner 






Sjfmiiwiryriemfuk' 


* CtPCMl 


t'N (Co, .1 x Hr 

f*i> Cj niwj ih 
U ft p). fi X t ‘f, rH h 


l-nmi 

jrniup 


IrMrudibD 


H If 


*+ v 

“ JP c -«A»MCvao t 
* e* fc^i. 2 x c, 


Cl ^ 

>cf 

-h 


Ci 




cc*c: 


_,h 

k a 



no 0. ind oi 

C; fC.), flk 


O fC) 

no Cj, p,, it. anj S, 


Ci rc.) 

no Cj, <?,. h md S, 


IHJ C* 


tin, 

Du 

D : 

C t > 


fon >w riKln fnmO nd* >«) Chan C 

| J |l«IIW li'n llIkiN l (Ur Ilf tlwrt c 


Fotki# right bind uric of Chan C 


Follow Gun D 


Ha M 


9. 


1 C 

M 


r — \ 

H N* 

t 

no C ind c 


Jfc 

xni 

qtC;).S. & 

t!Q Ci m o k , i ntf O. 

% 

FpIIo» r*£hi hand tide of Gun C 

ti¬ 

lt 

Artciie fX) 

Lulie rcid (XIV) 

Cj fC»,3XG.2X 0j fr a4 

Nft c* fc u ^ Ci 

Fotlfl v Icn hand tide of Gun C 
Folia » Chari H 

c whc , c , „„„ E p ;, l «' fc s* „ j, 


»ad (Figure 2.3) belonging m point gmup C, nnd U^iehlimuiraic hcloncfne io 
pom group Cj fscc Fable 2,t) are dura}. Since chi rul molecules may contain Ci 
tns, it is not proper to equate chiral with ‘asymmetric 1 or achiral* with ‘symmetric 1 . 

r ^ ?/* lw f P ractical to determine the chirality or* molecule without 
—classifying it into a point group. One is to construct the minor image of the 
-dcctic and sec whether it. is supcrposable on the original. With complex 
^c-seules, Irns is often not an easy last, particularly because the molecules are 
equally represented in two dimensions following some conventions which impose 

* ll o teller to citl iclLiial molecule hj non-disyriLRic trie. 
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certain restrictions on their movement in the plane or the paper. Tims it is 
preferable 10 lake recourse to molecular models'. The second way is lo took for 
ihc absence of reflection symmetry in a molecule. The presence of a a plane (Sr) is 
sufficient to make a molecule achiral. However, it i* not a necessary condition 
since even in its absence, a molecule may be achiral due to the presence of on S* 
■ris of higher order see, for example, moleculci (XI) and (XUI). One should, 
therefore, nsccrlntn the absence nf nn S star: nl nny nrilrt before pmclnimiiip! n 
tonkculc chiral. In practice, it in mlvkilrle la look for a n plane (Hi) mid nil 
inversion cenirc (Sj) in the first place and (lien for an S. axis nf higher order if the 
situation warrants. The o plane and inversion centre ire easy lo locate and except 
for a few molecules specially prepared to prove a point (as XIII), a molecule is 
achiral due to the presence of either of these two elements or symmeiry. 

The presence of one or more C, axes docs not interfere with a molecule being 
chiral and existing as two enantiomers; thus molecules belonging to point groups 
D„ and G are chiral. Three let ms have almost been interchangeably used to 
describe molecules which show enantiomer ism ; asymmetric, dissymmetric, and 
chiral. The term chiral (whence chirality) is synonymous with dissymmetric (Bid 
and Whdand 1962) although the former is now getting wider currency* The lenn 
asymmetric (or asymmetry) has a slightly different connotation in the sense Lhai 
while an asymmetric molecule is a chiral molecule, it lacks C. axis also; i.t,, nil 
symmetry elements ore absent except for the trivial Ci axis. The following diagram 
clarifies the situation. 



present 

> achiral 


MnlmiW 

| S. axil 


noC. 

—* ajyimriciric- 



* chiral, dissymenric 


absent 

(Cl, Ci, ind &) 

(Cl) 


* The rcjdcni art advised Id pats use *f mglrcular mnJrli Ehrmipl^l Ifac rfjdinj of the hook. 
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25 Point groups and symmetry number 

AaoUicr symmetry parameter, namely, symmetry number ( 0 ) is defined as the 
r.—.ber oT equivalent posiliom ■ molecule can be turned into through simple 
around an jii.i or aici. The symmetry number is important since it is 
rriaiid to the entropy of 1 molecule, the entropy contribution due 10 symmetry 
v—t —Rlno. The benxene molecule has ft symmetry number twelve calculated as 
iS Io**3. The six pibons are numbered n.t in the si rut In re (XV) {Figure 2d). 
O^Tjl the rotation of l he inn I ecu le iimuncL the Q aih through 360", Si 
eq^iv-alcnt arrangements roviili enuming the origiitiil to which il returns, This 
r^enDon thus contribute six to the symmetry number. Next, the molecule is 
recited around a G axis passing through carbons marked I and 4 by an angle of 
150*. A new arrangement (XVI) ts reached as evident from the positions of the 
c-.merals. A second rotation of ISO 9 around the axis, however, leads to an 
ifrangsment identical with the original (XV) which has been counted already. 
Tfau each of the six horizontal G axes contributes one to the symmetry number 


miking the total twelve. 




K H 

H H 


H H 

ft 

A 


n i\ 

H HOr H fa- H ' 

ioy 

K ^ H - 

■\Oy- H 

V_a/ 

\2 if 


\« if 

H H' 

H H 


H H 

(XV) 

{XVI) 


(XV) 


Ah 




Figure 2A Symmetry number of bcrvnc 

The symmetry number is related to the point groups to which the molecule 
belongs in the manner shown below: 


Faint groups 

Symmetry No. 

Point groups 

Symmetry No. 

C*-m u Q p G, and C 

1 

Art 

2 

C. C: t , QTld Gv ^ 

ft 

T* 

12 

Ap Ad. and A* [n v* “0 

2n 

a 

24 

>- 


A 

4S 


2,6 Summitry 

(i) Four symmetry operation*, namely, rotation, reflection,. inversion, aid 
rotttion-tcllcclion are described through which similar atoms and groups in a 
molecule can be interchanged to give arrange men Is indistinguishable from the 
original. 

(tf) Four symmetry elements have been defined in terms of the above symmetry 
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open linns which nr* . simple (P'°f*0 «“ *£%?*£* or 

sLmctty (o), nn inversion centre |f). e>»> ■» »lten““"8 
symmetry (SA The gnu lymbots arc used for the symmetry opera 10 

■’T/ITTh?Xe have been classified into a number oC symmetry poin. 
groups based on the symmetry operations that an be performed on them. 
Schemes lor classification s$ well as Flow-shed diagrams are^vei .. . 

ay) Molecules which arc net supcrposablc wilh Iheir mirror^images air called 
chiral and those which are supcrposable are called achiral. Chiral molecules eahibit 
3 IVOC of stereoisomerism known BS ciumliomerism anti belong to point groups t,!, 
Cn or D n \ they can be recognised by the absence of an S,. pick or any order. The 
common method of ascertaining the chirality or a molecule is in look Tor a plane 
of symmetry (Si ) and an inversion centre (r - S : ) and if the situation warrants. Tor 
nn Sn axis or order higher than two. In general, the absence or a o plane nnd an 
inversion centre (i) is sufficient to ensure chirality in a molecule. 

(v) The symmetry number (u)* of a molecule is defined by the number of 
cqiiivulcni oricnlntioiu tlial a molecule can aviiimr ilirmir.li rotations around axis 
or axes. The symmetry number is rclevaui for ihe cnkiilniitm »f the c-nimiqr of a 
molecule and can be inferred directly fmm the symmetry point grnup by it 
chamclcr table. 


SikctlT* lUadlnii 

MidUw, K. (19&5), 1 Introduction to SitTcechemimy'. WA. Beatamin, N?w York, 
hiUEindalf. A. (I9WJ* ’The Third Dlmenuon in Ofianie Oicmistry 1 , Wiley, Me* YorV, 

Orihia, M. mid IiifTe, ll.lt. (L970>, 1 Symmetry Point Omul* mA Ctiaracicf Tables'. /. Oiem. Educ.. 

41,146, 172, „ . 

Donaldion, J.D. nnd R«i, S.D. (I972J, 'Symmeiry and £icre«hcinlilcy\ Wiley. Nfr* York. 

Kettle, 5.F.A, 11983). ‘Symmoni and Strwctur*\ WUey, New York. 

Tiruov. L, (1986), 'The AfMDnjily SjmmdTleil World', Mir Pubtiihcn. Mjbco*. 


Mi It unfrirumaie lint ihg plane of symmetry ■«! ftymmtiry number arc both desipnitcd e. 
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Chapter 3 


Stereoisomerism: Definitions and Classification 


3.1 Introduction 

fn ihe light of ihc bonding geometry (Chapter I) and symmetry properties 
(Chapter -) of molecules, it may be appropriate to examine the nature of the 
different molecular species that a given set of atoms specified by a molecular 
Formula can furnish. Except for a few simple molecule^ tg., IF-O. CtL p CHaX, 
CH?X;, CHXi etc., the molecular formula alone cannot describe uniquely ihe 
structure or a molecule. Two additional pieces of information, namely, the nature 
of mka«cs among atoms regardless or direction in space (bonding connectivity) 
and Ihc relative oncnmjJnn or alums and groups in space (configuration) arc 
necessary. Depending on these two parnmeten. a certain combination of atoms 
ern give rise Id a number or molecular species, known as Lsninrn which arc 
scpanied by energy harrier ami differ l„ ,M"ir eheuiieal ami phpiul properties. 

r " rmyla b,Jl tmr ' p * in connectivities 

are called mnM isown*. They may differ in ihe nature of (he functional 
croup, eg.. Cl tiCJI.-OJ and Cli.OClti. or in the position of an atom ora group, 
e g., t-propanol and 2-prnpnnnl, or in the nature of the skeletal structure e e. 
n-hutaae and (-butane and are further subdivided into functional group isomm! 
.au omers, positional isomers, ring chain isomers etc. which are discussed in all 
1 T 0n 0r& ™ ,c When molecules differ only in.ihc relative orientation 

at0 ™ and S rou PS m space, stemisomerism results. Stereoisomers thus have the 
same bonding connectivity but differ in their configurations and are often called 
configuraitoMt isomers. Stereoisomers resemble one another only in the general 
profterllcs of Ihe functional groupfs) common to them but may otherwise differ 
'J in . ch 1 en,lca !' P h ^> physicochemical. and biochemical properties 
T Ch ^ ,cal .“«- Tl, «* differences which form ihe basis of stereo- 
j“ J n , r , man,r « t . lh <= various stcreodifferen tin ling reactions so useful in 
otgantc syntheses and in biochcmtcll reactions so vital for life processes Most of 
the natural products anc | biologically important molecules occur in specific 

? T ™ l nd [hCI ' chc[,l^ca, flTld Chemical behaviours art regSated 
b> their molecula r arch i lecture, 5 


n,,ni Ur,bo *^ However, ihe trrmifrvrtureis new used 

lense «™prisisp^ eoiouiujinn, eonJi^n [fait, and ftinformation. 
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/28 Stereochemistry 

3,2 Molecular representation 

Since stereochemistry refers to molecules in three dimensions, appropriate modes 
of representations of three-dimensional molecules on two-dimensional paper is 
essential. Two systems of representation commonly used, namely, sawhorse and 
Newman projection have already been introduced in Chapter I, A tetrahedral 
carbon coulnining four different j*mitps, c./*., Cabal fscc lactic acid in Chapter I) 
known as asymmetric (chiral) carbon is rcpicscnlcd by the structures (1) and (II) 
(Figure 3.1a) which are non-supcrpcsablc mirror images of each other. When 



1 J i 



Figure 11 Molecular representation; L and IT* Apt flying wedges and L (= 1*) and Ik 
(— tlr) are Fucher projection (dotted double lines rcprncni mirrors) 
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complemented with chemical bonds, they appear ns Fb and lib respectively, with 
'he implication that the uniform lines lie in the plane uF the poper* Ihc thick wedge 
»5 in front of the plane (projecting towards the observer)* and the dotted line is 
>chind the plane (projecting away from the observer). These are called /lying 
rfitfge notations and ate very often used to depict molecules with a single 
isytnmetric (china!) centre. 

The tetrahedral structures (1) and (II) with slight change of positions lead to 
mother set (ti) and (Ha) in which b and c arc horizontally placed When 
complemented with chemical bonds, they appear as k and lie in which b and c 
■ noritt'imal groups) are in front of and a and d (vertical group*) are behind the 
plane. They sdQ give three-dimenstonn! perspectives of the molecules but when 
projected on the plane of the paper are reduced to twfHjimcminnil figures ffdi 
and (Ifd) which ire known as Fischer projection formulae They ire frequently 
toed in the literature for therr simplicity and it is desirable to know llwif 
characteristics and limitation* which are as follows: 

(j) By convention, the horizontal substituents are in front of (up) and the vertical 
substituents are behind (down) the plane of Fischer projection formula. 

(/fl The structures are not to be lifted out of tlie plane; they can, however* be 
rotated in the plane through 180“ and 360^ which keep* the horizontal substituents 
horironifll and vertical substituents vertical without reusing them up. 

(in) Knlntions of 90° and 270° arc not permitted since such operations exchange 
horirnnial MjliMiiiicnh (up) with the uriitiil ones (down) contravening the 
convention ((), 

(ii 1 ) Conversion uf sme Fischer projection, formula into an equivalent one with 
the substtUienls iltiTrmiEly iirilnred may Itf done in two ways, hy exchanging two 
pain of substituents a<. shown in process ‘A 1 (Figure 3, lb) or hy rotating the 
r ututilucnts in a group ,.f three keeping the fourth one (e g., ’a') fixed as shown rn 
process 'll*. 

(*) Each tinge of a pair of substituent lead* to the enantiomeric structure (both 
in Fischer projection and in arty three dimensional structure). 

The Fischer projection formula may be extended to compounds containing 
more than one chiral centre. Thua the molecule. Qibc-Cxyi exists in four 
stcreoisomcric forms, two of which arc represented by the formulae (ID) and (IV), 
(Figure 3.2) the other two being their mirror images. As before, the horizontal 
groups (b, c. x. r) are tn front of nod the vertical groups (a. y) are behind the plane 
of the paper, tn order to convert them into the sawhorse formulae, the hnllom chiral 
centre is written jj! the front and I lie lop one at the rear while the substituents are 
placed in front (up) and behind (below) as implied in the Fischer projection. The 
structures (Ilia) and (JVi) result which are direct translation of the structures (Ml) 
and (IV) respectively, The from carbon Is neat rotated through I80 ft in each ease 
to give the conventional staggered sawhorse formulae filth) and (JVb), Convention 
of the sawhorse formulae into the Newman projection formulae (file) and (IVc)« 
easy. Direct translation of the Fischer projection into a Newman projection can 
likewise be done through the intermediate eclipsed conformations (Hid) aod (IVd) 
which ore subsequently transformed into the usual staggered Newman projection 
formulae (life) and (IVc) by rotating the front carbon. Two points may be noted 
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in ihis connection: The Fischer projection formula actually represents a molecule in 
eclipsed conformation (HI - IHa = IHd; IV = IVa = [Vd) which is energetically 
unfavourable and thus gives an improper perspective of the molecule. Secondly, 
for each of the stereoisomers fill) and (IV), three staged Newman and sawhorse 
formulae can be drawn (by successive 120 & iota (ions of the front carbon) each 
corresponding to a distinct eonformcr. Care should be taken so that during the 
above mterconvercfons, the order (clockwise or anticlockwise) of (he groups in 
space around a chiral centre is not disturbed. Sawhorse and Newman projection 
formulae can likewise be converted into Fischer projection formulae by reversing 
the procedure. 





Figure 3.2 Jnicreem version 
formula. 


of Fischer projection, saw-horse, and Newman projection 


The structures can also be represented by dying-wedge notation in which the 
molecule is viewed side on. Thus the sawhorse formula (Ifib) in flying wedge 
notation would appear as life. The only advantage of this system is that it shows 
the valency angles in their proper magnitude. In the present text, this notation will 
not be used except jo denote a single chiral centre. 


... ii 
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Stereoisomerism : Definitions and Classification 31 


j Classification of stereoisomers 


- dam cal stereochcinislrv (see Eliel 1962), Mereoiiomere were divided into Ihree 


■2bc 'pTicaJ isomers, dtistcrcomers, in id geometrical (or riiMrans) isomers. 

,1965) has suggested 4 new system (if classification based Oft symmetry 
, :criteria which is now generally adopted and is discussed below, 

Quslflcatioil based on symmetry criterion 

■ ■ c.iiion of Mercoisomcn based on symmetry criterion is simple and 

s . x- v ward. Only two types are recognised: cminliontcri and diastercomen. 

Vivo itcrcnl nomcr* arc rrlnted to each either ns oliftTt nml mirror image which 
*" ■ (j per|KisabJe, Dike » (efi brunt and ft righl hand) ibey nro called 

* * iomers nml said tis vjJrihit an emtntfamerie rrUitiumhip. As dkuucd in 
"fh nn'laub are neccLsariJy chimt LUlU bclung lo point griuips Cu C n , 
... n|y. Since enantiomers are usually optically active. i,e.. they turn the plane 
i Shirked light to an equal degree but in opposite directions, they are also 
- rj fHical isomers or opticci antipodes These terms, however, are losing 
*■ p slimy and better be absuidnoed since some enantiomers. e.g n R- and S-ir-butyl 
* ■-reiyl-n-propyl methane do not show any detectable optical rota lion. On 
-her haad T many optically aaivc-cogipoiiritls display: diasieccpmerism Tsee 
ktovl * 


- .v 1 


afc, wfrch are not eflamiamerc, are called diasteteomers and sai d to-exhibit a 
- HsLlL- , rrttiitonship A hro.itJ ranee of molecules falls under tbit CttC^Dty. 
^ examples of enantiomer* and diastetTcomem arc shown in Figure 33, 

The diiufisatton is summarised in the flow sheet chan 3,1, which also includes 
crotii&idiijl isomer. The foil owing points serve to highlight some of the 
~ idoan e features of cn&niiomcrc and diasl creamers. 


Motrcuks with same molecular formu'.* 



J tautomers* 


Isomers 


same bonding connectivity 



Sicncoismrient 


Constitutional if omen 
fanitotnelric) 


object oral minor ima^c t 



Enantiomers 

[isometric! 


Diauereomcri 

fam-OmrlricJ 


f luri 3.1 Symirirlry-iiaeftl (ia^iilctlliin n( NirrriilvHflfr* 


* VI PtS ajhi, a ap|Kan v.iptilbiEur Id itjitMAI II a daw, Ujicc they are m n^ncc 

■ 0 -" isral. llcmcTEf, the Qimg lit hkHiiiiiihirR *1 uppnicil lu iHiuicn u useful ju *ill be ten bin 
■ ‘•t.diir iiy mm -a itpcft»«n able. 


ComtNnv- only 
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Compounds 


Fnanilomcnc Dinner comers 
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Flgurt 3 J Em m pies of eonfifumiorial eHiritiouiere md diutmeomcrs 
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(0 Enantiomers being mirror images or each other are related by symmetry 
elements of the second kind, i.e., a plane, i, and 5» axis but diasiercomer? arc not 
related by any such symmetry element, 

[//) Since a molecule for nn object) can have only one mirror image, enantio¬ 
mers can exist only in pairs. On the other hand, structural conditions permitting, a 
molecule can have any number of diaste reamers. 

(i it) No two stereoisomers can be enantiomers and diasiereomers at the same 
time, i.e^ enantiomeric and di a stereo mere relationships are mutually exclusive, 

(i>) Djaslcrcomcra may be (but do not have to be) chiral in which case each of 
them in turn would exhibit enantiomcrisra, Thus cholesterol is one stereoisomer of 
a Set of One hundred twenty eight diastercomers each of which has nn enantiomer. 
It is, therefore, diastcrcnmeric with two hundred fifty four molecule.'. and enantio¬ 
meric with one. 

f v) Dijistercomeis in the nrw definition include Ml stereoisomers (except ctuniio- 
Biers) sucli ns optically active iliiislercniiicrs. gcomrEricJil and cis-Ernns 

isomers of classical stereochemistry. Thus 1.3-dimeihyleycTohc-xnnC containing two 
Chiral centres in previous nomenclature was said, to exist in two diaslercomers (cis 
and trajis) one oT which (irans) is resolvable into enantiomers (I and J in 
Figure 3.3) while similarly constituted but achiral 1,4-dimcthylcvclohcxanc was 
said to exist in two geometrical or cis-trans isomers (K ind LJ none of which is 
resolvable. In the present system, this dichotomy is removed and both of them arc 
said to exhibit diaMcreomerism, Like optical isomerism, the term geometrical 
isomerism has thus become redundant although the analogous term cis-trans 
isomerism still finds application as a subclass of diaslcrcomcrism. 

(n) In a chiral molecule, the atoms have exactly the same relative positions with 
respect to interatomic distances and interactions as they have in its enantiomer. 
The two enantiomers arc thus isometric to each other and in achiral media, behave 
in identical fashion, as if they were homomers (any two structures which are 
supcrposable arc called horn amcr$) t Thus enantiomers have the same melting 
points, boiling points, densities, solubilities, refractive indices, dipole momemts, etc., 
i~4 the some thermodynamic end spectroscopic properties. They also show the same 
reactivity towards achiral reagents. In contrast, the diastcreomcrs differ in the 
fratial relationship of atoms and groups and are, therefore, anisontettic relative to 
cr.c another (Coxeter 1969), They differ, in principle, in oil the above mentioned 
properties, however small the difference may be. 

(w7) Two enantiomers have all their geometrical parameters identical as men- 
io=ed above. They differ only in terms of absolute direction in space (algebraic 
rigs of the coordinates of atoms)—a vector rather than p scalar quantity described 
the science of topography which individualises each point and deals with the 
jreperties of each separately (Klein 19GE). It is thus appropriate to say that 
enantiomers are geometrically equivalent (molecules or structures arc railed 
geometrically equivalent if they can be made super posable by any of the.symmetry 
operations mentioned in Chapter 2) but differ in their topography (in the sense of 
oiirality). In contrast, diastcreomcrs differ belli in geometry and in topography. 

frari) Chirality or enantiomeric relationship cannot be specified without compari¬ 
son with an external reference which itself must be chiral. Thus when one says 
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right-handed chiralily (or Jt and S configuration), ore refers it in a rig hi hand 
too, k a right hand only hy convcminn). Chirslily can he recognised only 
(Tiro ugh the diasicrco meric relationship a chiral objeci establishes either with ia 
own kind or with another chiral object. Two enantiomers behave differently 
toward n plane-polarised light been use a plnrc'pnhftecd liphi is composed nf iwo 
dissymmetric components, a right-handed and a tefi-J landed circularly polarised 
light beam (,ic« Chapter 15) and thus consiitutcs a chiral environ mem. The well 
known enzyme sicrercpcci (icily is annihc-r trample tifrliir.ti recognition nf n eh in I 
siihslrnle by a dissyinmrlric system nr rrafcnl (here ihe enzyme). 

Diaste reamers and i hastened meric rclaiiuiiship. ml |ln- olher hand, can lx; 
specified and recognised without any external reference. 

(ix) As a conotary of the above, a single stereoisomer cannot be designated an 
enantiomer or a dtastcreomcr since such terms refer to relationship within a set of 
two or more stereoisomers. A molecule is either an enantiomer of (or a diastereo- 
mer of) or enantiomeric with (or dmtercomeric with) another molecule. 

(*) Both constitutional isomers and dhsiereomers containing the same functional 
group(s) usually differ in scalar properties, e.g,, boiling points, niching points, 
dcnsily, refraclivc index, lltermtidyiimnfail jiikI jiptcirascopic properties, and even 
in their reactivities. In fact, two diastcreomers may differ in their properties as 
much as (in some eases, even more ihan) two constitutional isomen. From an 
Operational point of view', therefore, distinction between Ihcsc two classes appear 
to lose their significance (Mislow 19G5). 

3 J.2 Classification based an energy criterion 

Jl has already been stated that isomers are separiled by energy barrier and their 
kinetic stabilities depend on ihe barrier height. Stereoisomers separated by high 
energy framer { > 100 kJ mol ‘) arc quite stable and ni room temperature arc 
isolablc. They are called configurational isomers. Stereoisomers separated by 
relatively hn energy harrier {< (SO kJ mor J ) arc easily interconvertible at ambient 
temperature and are known, as conformational isomers or confer me rs. The 
dilficuliy arises when one goes to define high and low (the use of 100 and 60 U 
mol as above is quite arbitrary) since it is almost impossible to set a standard 
acceptable to all. For a synthetic chemist who is interested in isolating siablc 
stereoisomers, ihe desired barrier is high ( > J00 kJ rod' 1 ). For a spetiroscopist 
who is interested in identifying [he different stereoisomers in equilibrium, a low 
energy barrier is sufficient an long as the physical technique (eg., infrared, nuclear 
magnetic resonance, microwave spectroscopy etc.) used has a time scale of 
measurement which is short in comparison to the rale of intcreon vers ton of ihe 
isomers. If ihe rate of Intcrconvcrsiun is fast compared to the time scale of 
measure mem, only an average picture of ihe species in equilibrium w ohiaincd. 
According lo [ilici (J07fi), it is appropriate ih:ii we uccepi an energy harrier of It I' 
(2.58 kJ mol' 1 at room temperature) as Ihe siandard below which two sprries may 
he considered as homnmers. From cnernv criterion, ihe stereoisomers are ilius 
classified into three categories. Stereoisomers which are separated hv high energy 
barrier nrc known as configurational isomers. Stereoisomers which arc separated 
by low energy harrier are known m conformational Isomers. Finally, stereoisomer; 
which are separated by energy barrier of intermediate magnitude (felling within 
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STJiy area) inay be ciltwl cnnli){ 4 ir.iii(iivil ivnncr; Jit low I cm pvt 11 lure jiihI confor¬ 
mational isomers at ambient tempera [Lite. 

The two classifications (based on symmetry and on energetics) nrc not mutually 
exclusive. Enantiomers or ilisiieicomers may be configurational enantiomers or 
configurational diasicreomers if ihe energy tamers are high. Similarly, one can 
have con formation a I enatiiiomtn and conformational diastercomers when the 
energy barriers are relatively low. Dumpies are given in Figure 3.4*. The 
combined classification is shown in the flow sheet Chari 3.2. 

^^7 Conformations KnimMonicrs Dnisicrcomcrr 



FiSiwe 1.4 Examples pf conformational cnantiomm and diiitcrtomere 


•Some of the eiimplu win be betkr un^-nlocd bur. 
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Chirl 3 J, Classification or f 1 er»Uiont«rs Ircwd on Joint criteria of symmrlry and 
energy. 


The energy barrier separating any iwo stereoisomers depends on the mechanism 
of lntcrconversion. Hie two enantiomers of lactic acids arc separated by high 
energy barrier since their imerconversion involves a o bond breaking. They 
ic present con figure! tonal enantiomers. In the isomerisation of cis- and trans-2- 
bntcnc (Chapter 1). a tt bond is disrupted which requires an appreciable amount 
of energy; they are nlso configurational diopter comets. liibylcnic compounds of ihc. 
type, RR'C = C(OH){OR')i on the other hind, have relatively low {ftfl-70 kJ 
muL ’) torsional energy and give conformations I di:tsirrc<micrs nl Aiuhient tempera* 
tore in spile of the double bond (KnlinowskL and Kessler 1973). 

Rotation around a single bond is in general easy and leads to conformational 
isomers as in n-butane (entry 1„ Figure 3.4) and in diehlorobromofluorocthanc 
(entry 2, Figure 3.4). Rotational energies about sp^p 1 single bonds arc in 
comparison higher, e.g„ 25 kJ mol" 1 for 1,3-butadiene (see Chapter l) but not 
high enough to permit isolation of stereoisomers at ambient temperature and thus 
leads to conformational isomers (cnlry 4, Figure 3.4), In some crowded molecules, 
however, rotation about a single bond may be suflicicnily restricted to give stable 
and bolablc confermecs known as alropisomers (Chapter 5) which ate confi¬ 
gurational isomers. Inversion in nitrogen compounds is normally facile and give 
con formers known as invertotners. The harrier height, however, depends on a 
number of factors and can vary enormously (see Chapter 10), the average value 
being of the order of 25 kJ mol" 1 (Lchn 1970). In comparison, inversion in 
phosphorus compounds is associated with high energy (of the order of 150 kJ 
mol' 1 ) and configurational isomers are encountered. 

Ring inversion (also pseudorotatinn) is a facile process and leads to con¬ 
formational isomcn (entries 3 and 5, Figure 3.4). These will be discussed in 
Chapter 10. 


3.4 Stereoisomerism, conformation, and chirality 

The concept of conformation has widened the definition of stereoisomerism and 
introduced a lime-dependent element in the molecular structures. The molecule in 
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scut ca--^s cnmitil lie trvalctl jv. n Malic vyilt in nj iixnl itcnmdiy hut .i' n dyiuttmc 
:-:t) consisting of a number ul specie' in equilibrium ttjntimiwtt!y cluuigiiiy 
cco metrics. Molecules containing a single bond between two sp' hybridised 
carbon reside in three con formers which can be homomcric, enantiomeric, or 
J ii^reoincric with one another. Compound* containing two such bonds can have 
i ;iiaci> a- c nine conformcrs of which only a few ate preferred on energy giouud 
Ti-i the number of conformer! increases in geometric progression with chain 
E:hinc \Chapter I) exists in three ainldfrttets all or which are homomerit- 
--Butane, nn n chi nil niolccnlc Iieis three distinct ennforntett based cm rotation 
ireand Cj—C 3 bond, two of which arc enantiomeric and the third is diattercomcric 
- :r both (entry I in figure 3.4). ( he other confoimcrs arising out of rotation* 
around Cj—Cj and C»—O bonds arc homo meric with one or other of the above 
ihrce Jn the ante of a chiral molecule, the three conformcrs of a particular 
:-;niiotncr can either be all homo meric or all drnsttreoraeric (see 1.2-diehJo 
roflu- robromoeihane. entry 2. Figure 3.4), No two conformere of a given 
; ar.:: jmer can have enantiomeric relationship although all the conformed must 
be necessarily chi rat. 

From the above discussion, il is quite clear that if a particular conformer of i 
-xdccule is chiral, the molecule is not necessarily chiral. There arc two simple rules 
■ determine the chirality or achirality of a molecule from its conformcrs: 

i it If during a 36C P rotation about one or more single bonds, a conformer passes 
’“-■ugh a conformation I may be wiili an energy maximum) which is achiral, ihc 
molecule is achiral. If there if no achiral con Forma lion or conformer, then the 
molecule is chiral. This rule is specially useful in deciding the chirality of an acyclic 
molecule. The optically inactive meso form of tartaric acid (E in Figure 33.) 
possesses a plane of symmetry in the eclipsed conformation (C point group), as in 
Fischer projection formula and a centre of symmetry in one of the staggered 
l.mi formers (C point group) and so the meso form is achiral On the other hand, 
ill the confcimiers oF optically active taruric add (F and G, Figure 3.3) are tChinil. 

,ii) Hie second mfe is to see whether any iwo conformefs of a molecule are 
mirror images of each other, i.e., enantiomeric, If they are, the molecule is achiral 
cc two conforiiiniion.il enantiomers in n-bulnm*). This rule is specially useM for 
c_vJjc compounds in which coiifuiiiicrt originate through ring inversion or 
- ■rudoroiaiion and in the case of invertomers which originate through inversion at 
: centre, The two rules should he used simultaneously. An achiral fpccics with two 
dure I cun formers dues iu>i show any di trill miuii festal ion because ilte two are 
cq Liaily populated by virtue of thdr identical free energy cuntcnt. Thus the species 
j racemic mixture of too rapidly intercon verting enantiomeric conformcrs. An 
fTample «c^-l3-dijncthylcyc!olicaanc (entry 3. figure 3.4). 

5.5 Racemic modifications 

When cquI molecular quantities of two enantiomers of a chiral molecule arc mixed 

■Ttc 3S tree in principle bill «du«Uy became Dr homo merit m (degeneracy). improbability of ta ph 
-sift' conJpnnaHOtw, and f*dudisi volume problems there are do) all that many, Homomcrt are not 

i^uaJly eoiuiied more dure once. 
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together or formed in a renciion, the resultant mixture is called a racemic 
modification, or a racemic mixture. or a race mate, nr simply a (repair. Since the 
difTcrcimation of stereoisomers is mailt 1 si the molecular level, racemic modi- 
ficatiorb do not rally represent a separate class of stereoisomers although they 
differ hom the corresponding pure enantiomers in certain physical properties* 
especially in the solid stale. In, addition* they do nm show any optical rotation, the 
rotation due to one eoannomer being exactly cancelled by an equal and opposite 
rotation of the other enantiomer (eiremnl compensation). The diffcienc* in 
properties between a racemic modification and the corresponding pure enantiomer 
arises from the difference in the intermokcular interactions which govern ihc 
molecular packing in the crystal lattice and the iniermolecular association in ihe 
liquid state or rn concentrated solution, The situation may be compared in (wo 
boxes one holding only right-handed or krt-liarKk-d gloves and (lie other holding 
.in equal mixture of both. The stacking of the gloves in the iwo bones would be 
different which at the molecular level is equivalent to packing enantiomers of ihc 

same chirality* CR, f i- f- ) nr {-) ami of opptwftc chimJily, ej*„ (I ) in 

two crystal btUcti. The iwo crystals are Hi us duutierciiineficaUy related ami behave 
so as long as (be inter molecular interactions are appreciable. Under this condition* 
they will have diffcrenl physical and apcclrcwonpic pmperiica. In dilute Milminas or 
in (he gaseous torm, the molecular species are usilallv well regaled i c*„ ihc 
ijilcrmtilecular interactions become negligible and ns a rcttull. the difference* in 
physical and xpectnweopic properties between a mccmnlc and the airrespondinit 
pure eiiniiiiomcn am minimised fewpi for optical flciiviiyj {Mislnu I'Jtr.S). Wliai 
happens is that the diastcrcameric relationship between Ihctn disappeats. 

3,5.1 Harem ic modifications and (hcrjtuxiynamic properties 

A racemic modification being a mixture of two molecular species possesses an 

entropy of mixing f AS) which can be calculated (assuming ihe mixture to be an 
ideal one) as follows; 

AS = - Kxilrwi — Rx?lmrj;(xi and x ; are ihc mole fractions), 

= — RlnW — Hln 2 = 6 J mol’ 1 degree ' m fxi = xj — 

The entropy of mixing is thus a positive quantity. Conceptually, a racemic 
modification consisting of two molecular species corresponds to a more random or 
less orderly system than Ihc enantiomeric form which consists of a single molecular 
species* Entropy which is a measure or randomness is* therefore* expeaed to be 
higher in racemic modification. 

Ific changes of free energy (AG), enthalpy (AH), and entropy (AS) are related 
hy the equation: 

AG = AH - TAS 

™T« n ! ":rr , ( , 300 K) *** cb ^ ° r fi « «*** <»«■»mm.*« 

300 XC J or I .a kJ mol assuming lhai the enthalpy remains constant. This means 
hat ihc conversion of pure enantiomers into the racemic modifier lion—a process 
known as race mi sot ion—is ihermodynamicnlly favourable and a spontaneous 
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3,5,2 Classification of racemic modifications 

On the basis of the difference in ihe nature of packing in ihe crystal lattice, racemic 
modifications are divided into ihree classes (Jaqueset al 1981)., 

(0 Racemic conglomerate (A). If the crystal lattices are formed entirely from 
enantiomers of tike chirality (see diagram A in Figure 3,5), the racemic modi¬ 
fication is called a conglomerate (A) (previously also called a racemic mixture). 
Two crystals containing enantiomers of opposite chirality arc enantiomorphous* 
and under favourable conditions may be separated mechanically. 

(fV) Racemic compound (II). If. on the other hand, each unit crystal contains an 
equal number of {+) and f-i enantiomers, Ihc racemic form is called a racemic 
compound CD) (see diagram H) (previously called n raccmnle) which in (he solid 
state behaves as a separate entity distinct from either of the enantiomeric form. 

(r/V) Pseudomeemnte (C), Finally, in some rare cases, ihc lattice energy 
becomes almost independent of the configuration of the constituent enantiomers 
and. the unit crystals art formed indiscriminately from both the enantiomers (see 

diagram C). Such form is known ns a pscmloraccnuitc. a racemic solid solution or 
mixed crystals (C). 





Figure 3.5 Ra« m fc modifications Ihcir melting point diagrams (Diagrams 1 .2 tad i 
are idealised). ’ * ■ 


^■” entio "\ d types of racemic modified ons can be distinguished 
? y * he ' r ,d ?haSi ** havi ? ur and ■» 1he <**= of the racemic compounds also by 
t *1^™ m l ^ e 5tat * an d hy X-ray diffraction pattern The cone- 

nThe mdJL“ ’ ‘™"'T' aM l corraponds '» lowest temperature 
in (he melting point diagrams drawn for different minurej of enantiomers 

■ 

tl T ms nnJ "dijsiereomcr* {and the cnrr«poadinE #dj«tiwH) generally refer to 

S«"lL , nlS ,|10,in ' U W, " IC lhC * n[ l ‘d«Mtnom ^refer in maCruKopie 
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!', J ^ urc ri is exemplified by (±) sodium ammonium ran rate 
crystallised from an aqueous solution at a temperature below 27’C\ (first observed 
by Pasteur and used for the resolution or tartaric acid). The solid solutions or 
pseudoraccmaies (C) do not change melting points appreciably with changes in 
composition of the mixture (diagram 3), An example is found in f±)- camphor 
oxime nystalliscd above l03*C.The racemic conglomerate (A) and (be racemic 
solid soluuoit (C) both give infrared spectra and X-ray power diagram identical 
with those of Ihcir enantiomers. 

In CMirw,« ruccnilc compound (R) return Hie diustcrcomcrlc rdnlion will, 
nspecl to the enantiomeric form even in the unit crystals and gives an infrared 
spectrum fin the solid state) and an X-ray diffraction pattern quite different from, 
of the entoiloneffi. U has a lower enthalpy than the cnanllmucrc and its 
melting point is usually higher (although il cm also be lower) than Ural of the pure 
enantiomers (diagram 2). As expected of a new compound, the melting point 
diagram shows two depressions. Racemic compounds ire more commonly en¬ 
countered than the other two racemic modifications (conglomerates and pscudoracc- 
m a l es]. 

The solubility behaviour of the three racemic modifications'is also different but 
is less reliable as n guide in distinguishing them (see Eliel 1962). 


3,5,3 Quasi-race males 

r 

Sometimes, analogous compounds of the ante constitution and relative confi- 
gttration end having simitar geometry and charge distribution an replace each 

, C c ^ lfl ‘ 1U 1 ''' n ^ at casn, they are called isomorphous. If IWu SU ch 
mmpountls vilh oppost'e configurations* are mind in equimolecular proportion, 
SkTr™ ■nodalicraiwns may result. Like true racemic meditations. they may 
also term quaa-racccue compounds or quasi-ncemic solid solutions. Of these 

S™“Ty C irc°u« , d’for < ^oa? r m ” C P ™ PC,I> - fl ua *" ra cemates) are important 

a^T t- Vh,r,mo. ^tr Thus f-t-Klilornsuccinic acid 

bv theirmiwU^!S™ a ?»«Huccmlc compound as reenguised 
by Ihcir mured melting point dingnim similar In (he dinpram J. (Fimre 1^1 hut 

TlZTT' T r T T ■"!"« W "' ° r ^ * hetcioc hi rally 5*J 
like wn Almost equal and similar right am l left hands which arc of oppositc- 

chira ny but um never perfect mirror image?: of each mhcr. Conversely, fhVchhyro 

' h t^ b ;™ CC ;i ,C acids orc h ^ H * ral ( |itc -J™ equal and similar 
ngnt hands) having the same gross cturaliiyt (Mistow and Bickort 1967-77), 


Such pain, cfo|vposji(e chirality may he called quau-enmtiamera fiko hciemdilra]. u* Hriow) 

^ inm iBBKidilnil and 'taeneVnr hi« bets used: hem in the kmc tin | ral to Lord 
cyn, MtiiKort Ueiurei rrfcrred m by Midnw nnj ffletM (1976-77). The iwofcfnu 

Sl.!7r h ^ b L R ^ (W7) * y wlh s[u> " BftJ 1W. * W|te d 

“??! liir^ y ? ""S”* m two sets 1 lifhl-ktcKrd jind Icft-faled. Members of odi sd 

fcl . , ■ &Chlfll , 01 mm * ** ,ft hctcmchirsl The terffl , h.«.£ 

“ d arpticAiton m Kj> mental ion of in ■ebJnT cftjcci mcli n in ippk for < snhere of K 
rymmeify) into i*o Itoimicliiml hJ«s. * French |rict k ‘2^^ &£,> rt Vmw! 
rat). TWO vrmra, hdfeuu parp«dK»l.r » rad, olha,. ™ tram He I* I. the „ra.« 7ad^ 
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i 

3.6 Summary 

1. A particular molecular formula may correspond id several molecular species, 
known as isomers, differing in bonding connectivity fnalure of linkage among the 
constituent atoms) and in configuration f re la live orientation of atoms and groups) 
Isomers differing in bonding connectivity arc ailed constitutional isomers and 
isomers of the same constitution but with different configurations ire called 

llcrccifSMtrs. 

2. The different modes of representation of ihret dimensional molecular struc¬ 
tures on two dimensional paper, namely, Fischer protection, sawhorce, and 
Newman projection formulae are discussal. Mention has also been made of the 
flying wedge notation which is important in denoting a single chiral centre, inc 
mlcreon version or the various projection formulae is illutfraicd. 

3. Stereoisomers have been classified into enamiomers and diasteroomers based 
on symmetry criteria, two stereoisomers which arc related as an object and a 
mirror image but arc non^uperposahlc are called enantiomer*, ff not so related, 
they arc called diastcreomei* which include compounds containing more than one 
chiral centre, cyclic compounds, and compounds containing double bonds. The 
distinctive fen lures of enantiomers and dusk-corners have been highlighted, 

*, Enantiomers are tantieme wiih each other, i.c.. all the iniramolecular 
ml erne Moils arc suml,ir in ihc two fitaunuiiicrv On die oilier hand, diasiereomcrs 
as also constitutional isomers are anisometric with one another. i.c., intramolecular 
interactions in them are different. 

5. Stereoisomers are also classified on the basis oHhc energy harrier separating 
them Stereoisomers separated by a high energy barrier are called configurational 
iso mere and [ho&e separated by comparatively low eneigy barrier so that inter- 
conversion is easy under ordinary conditions arc called conformational isomers. 
The two methods of classification, one based on symmetry criterion and the olher 
on energy criterion arc not mutually exclusive. One an have, for example, 
con igu rational enantiomers, Din fifu rational dins [creamers, conformational cmntift* 

mere, and conformational diastcreamers. All of them have been illustrated with 
exa mptes. 

6. The inter-relationship between conform ert and the molecules representing 
(he con formers lias been discussed ami certain rules have been formula led which 
permit one to deduce Ihc chirality for otherwise) of a compound from one or more 
of its con formers. 

7* The racemic modifications arising out of mixing cqui molecular quantities of 
enantiomers have been subdivided into three classes, namely, a conglomerate, a 
racemic compound, and a solid solution fpseudoraremate}. A racemic form in the 


nllwf from th# tvHinm in it# eqmior. fnllnwTtf hv i«ti nrn-jdjarcnt nor.winnl quirtrr-ruii, iln^ 
!hc feuiipr pvt U*o hfur.H-h.ral halm of an jppf# Hfwwchiral hjlv« rf thinli^ jie 

Obtained by nvcnmg the iWlitvi of ihr |:nr r «in(:it qoar[fi.(uiA Anei ci al |9RJ *nd ilwi 
Clfttufmfl |1 ISWt for Ailfh twclicw nf an achiral mrlfcylcl The inlnrtir; Itiin^ n Ihil nnly ihe 
Ciimti.rmiitm pf IW honuxhrral [hi- .wifinil j. | lll ,| arr | r 

Merenily. M^im U n L - rt ml ilVxJi hut mtj ik imn humcvliiral in mn rfimnwyieillrpun; 
nuTKUnee, ie. eirhci *1} (+ br>r all f - 3-fnnnt, c fr 4 i rintmik* Thr* nnninolrfv ha* rimed *iik 
currency 


nnr f'nB-nb-iinm Anlli 
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42 Stereochemistry 

solid slate or in concentrated solution exhibits a dinnnrrcomeric relationship with 
enantiomeric form which is reflected tn the difference in certain physical properties 
between the two. Methods for distinguishing the three kinds of racemic modi¬ 
fications are discussed. 
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Chapter 4 


Stereoisomerism and Centre of Chirality 


4.1 Introduction 

OffWAic stereochemistry is hnsetl miinin ■ 

and a kw ulh ^ atoms such as N, P Si Ids 17. f , C ‘ f ^ cdfaJ ^ Q ^try of carbon 
geometry of y hybnd carboa and a £?J*\'°Z 'T'™™*" '^n*onal 
catenating property of carbon). The regular ret° f C0L,rSC on thc 
dimensional framework of 7 d svmmerrv h ,^ hCd f r ° n provjdcs 011 echini threc^ 

the '?*' JflhCy arc ^upied with four different □ eh V 7 I ° poJ ° ElcalI > r equivalent 

hi T^' ICCS beComc distinguishable all element/' 0 ™ ( ° f mm) 50 ** 
the tetrahedron turns into a Ibree^imin Jn^r f SyfTimelr * disappear, and 

symmetry which is non-supcrposablc with its Chlfal simpIcx of C| 

Chapter 3 ). Actually a ijfih noint n,i mirror image fscc Figure 3 la in 

‘ he amK °<"« -elrahedron io ; bi £™ h ^ ° k ™**»y »< 

known, lsa „as, mmc , ricor , chi ''^f^nded fivi „ e wh / ( ; s 

a aifc u sinBy lends 10 molecular chirali,,* ^ prescna 0/3 '““I 

ctrahediar model is that transposition (Jx c h 3T Z ^ ea1urc of ,h ' s chiral 
[Bands reverses the chirality ofihe centre 2 ? 8 ° f pcrmuta ' i ° ri > of any two 
hgands are achiral, the transposition leads io & anJ * " CW sl£rco ' w *<*- ir all the 
one or mare or the ligands are chiral n r enam ' omc n on the other hand if 
to oplicalljr neve 

“3'" ^ in 'hurt n slcrctKc Tr 't n T is - "*«fore, . 

^SH 

sss^pssss^p 

tAspeu«| MnJCt( . A/rtWfft j wh ^ s^pfM.nr 
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apex (i (rijiodn! prrgngcmtni). Tile molecule I'ftfimw chiral provtdcJ all the 
ligands aw different. In s;ich o«!i. ihr ligating atom Usually carries a lone pair of 
electrons which serves as Ihc fourth substituted fas in :Nahc) completing the 
tetrahedral arrangement (see Prclnp anil IMmrlii'n WH2 fur nl (minim- :ipp(naeht'S|. 
'Hie chiral ecu ire is the most common nf chi nil dtniuiK 

4,2 Molecules with :i kEiij'Ic chiral Heref*Kcnic> entire 

Molecules c<Hl I billing a single lei racoon I male or liidwmlitiale ctiinil cciilre e*hl 
only as a pair of enantiomers and may he represemeti hy the type fnnimlac, XaUil 
and .Xahe respectively in which a. K c. Illitl J arc all achiral, llcfnre dismissing llic 
stereoisomerism or these molecules, it w important ui know how ami to wiuii 
extern two enantiomers can be distinguished, tnosl of their physical and chemical 
properties being identical. 

4.2.1 Chiral manifestations 

The lcrm:t cfsirat and nr hi fa! when applied to geiwm’i Hen I models are slurpty 
defined hut when applied in real mnlet alcs. they must Ik related lit the presence or 
absence of some observable properties, It has already been mentioned fChaplm Jl 
that two enantiomers can be distinguished only by establishing diasterco meric 
rdailonship either with a chiral environment or with other chiral molecules. There 
are three 1 principal methods for detection of chiralily in molecules based on the 
above principle, ffj Measurement of optical rotation and other cbiroptical proper¬ 
ties (pcilari metric mcltiodl f/fj reactions with other chiral molecules including 
enzymes fchemical and biochemical method); and <ffi] nuclear magnetic resonance 
spectroscopy using chiral sobenls or additives (spectroscopic method), These 
methods arc also used for the detennination of the sense of chiralily (chiral 
recopnitinn) which js. however, mure complex and is discussed elsewhere, Here 
only rhe method based on optical rouuion is discussed. A ptanc-polaiiwd light 
being constituted of two oppositely fright and left) circularly polarised components 
f>ee Chapter 15) provides a chiral medium and the two enantiomers interact 
differently rotating the pbne of the polarised light either in a clockwise direction or 
in an anticlockwise direction. The former is tnown as dextrorotatory enantiomer 
denoted by f t-| or by chc prefix, dextro and the latter is known as the Jcvnmtorory 
enantiomer denoted by <-) or by the prefix, leva In the older literature, the terms, 
dcxlm amt levo are abbreviated as tf and / respectively, hut the practice is now 
discouraged. The chiral simple under consideration is usually taken in a tube of 
definite length if in dml either us a ncni liquid n more dfirn ns solution. in an 
achiral solvent of definile cnncciilralicin (r in g/ml|. Aaiudini? in Itioi's law ; 

■r - w f nr) where f rr ] h prnpurtiortnfity onmtam called ‘specific mu lion'. 

Ji is custom nr y tu Jennie the rahitliui of an optically active compound in terms of 
its specific rotation and since it depends nn tcmrvnnurc (D and the wavelength 
I a ) of monochromatic light used, the specific rotation is expressed as follows: 

£- 11 - 7 “ . 
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“* CO,,Mnlrali "« .he equation « replaced by lhe dcn £ j ly 

ih solull °"' the solvcnt and conccn- 

In sud , cwT^Lr 1 lhC * pw,Rc ™d n»u S [ be 

»«=*■ due <o fc.'dc"« 7^1™' ^ »<”«» ■» 

■==es sometimes nrccssirv l.i .^ 1 dlfrcrcnl concentrations. It 

■- or different ranlccdar wefplih (M nn.l".'’" WK ot 

** « -he mo ,ee U ;;^z a r x n „ u r c d sr ihe , comfuri!on 

rotations as defined below: J ° r f </> J nrc used instead of 


IV 


I d, _ 

100 /(dm), c (moles/100 ml) 


( 2 ) 


^t^~SXXVoO,« m Ge riC ‘rr* il - iS P-Ne .0 

s upi a uc ly known as D line is used for nnlarim?*^* sodlUni *^1 ( A — 589 nm) 
is expressed a, r * l“ if POhr,meInc measurements and the specific 

— c ’- u ZT V \ }' H ° WCVCr - ,n (he rotation anhis 

-'- d ^ hv 1 ,smalJ m wIl,c ^ ca! * shorter wavelengths (eg 546 

— PnsvxiaJ by a mercury lamp) may be used. Mns (C,g " 546 

r- irS-rTe.g^Hbv'Si^T arises out of replacement of one isotope 

—. — „ m P , CDl shows a specific rotation of 0.27° However if 
- - - -rs compounds of the tvnc CH, (ru \ r*u/-\u /«„ ' nowcver * « 

-ibs of n, the smaller is the ~™ oSo :H0H ™-CD, the higher 

rrreeenr. This type ofsitmtinn U J*-. C ? ° 0r olh er measurable chiral 

'.Te II) >« which the two terminal’hvdrn° i*' Cncou _ mcrcd fn ‘riglyceride of the 

d!w h A» n tbc M C C e™^hi™ wi T P V 

s^sssttss - £ ass 


.OH 


”2- ^CD: 

C I) 

-n - 0.27° 


jh 2 - 0 -co-cch 2 j io -ch 3 

H-G-O-C0-[CH 2 j |/J -CH 3 

cir 2 -o-coi:cn 2 ] H ^cH 3 

Ml) 


Figure 4.1 Molecules widi low ‘degree* of chirality 
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Stereochemistry 


4.2,2 Molecules with ii tcIrncoordinate chiral centre 


Hy far the must common I cl ru coordinate chiral OciUrc in organic compounds is 
provided by sp' hybrid carbon, example of which arc juven in Chapter H. To 

llifTC may he .itMed appropriately Hllhsli.-d i pm ternary ammonium emu pi mink 

fJHK N-oxidvs iIV>, silane UmVulivc* (V), phiwplnmiiiiii compound* (VJ), |iluvs- 
pliiiie riaidus {VlJ), I icaa valent sulphur compounds fVNI) [I inure 4.2). and also 
tdraeui-atent compounds of arsenic, antimony. germanium, and (in. These mole¬ 
cules are more or less stable configurationally and enantiomers in most eases can 


Et 


Mo 

PhCKg 


5 \ + --' Ph 

1 ^CH e Ph 

Me^ .Et 

0 Ph 

L- 

Me > 

(III) 

(IV) 

(V) 

L . ,0-CiH 7 

A* 

Mo .El 

^ p'' 

O'" Ah 

O^N 

(VU 

(VII) 

(VIII) 


Ph 


<f-c to n 7 


fl* 


Figure 4.2 Mukcufci with tctracmnltnatc chiril centres (only one enantiomer shown} 


be isolated in pure forms. Among these, chiral carbon compounds are ordinarily 
most stable since raccmisation involves a bond cleavage of similar high energy 
processes. However, compounds which can easily taulomcrisc or can form 
carbanions. earboninm ions, or radicals involving the asymmetric carbon raccmise 
with relative ease. Silicon being the nearest analogue of carbon in the periodic 
table is very similar to carbon with respect to stereoisomerism. Sommer (1965} has 
prepared a large number of optically active silicon compounds fe.g., V) in 
cnaniiomerically pure forms, They arc onnfigurationally very stable (see also 
Cbrriu et al f9S4), 

Enantiomer ism in ammonium and phnsphonillm compounds with chiral N and 
I 1 atoms lias been widely studied. They are less stable cunfigLintlimuilly than their 
carbon counterparts. Kaccmivtiioo can lake phiec thrmij-li the fnlkiwing n|irilihrmm 
process: 

Mahal X iMahe I X~d 

The feasibility of (he forward reaction depends on the nut Lop hi tin ty of the union 
X , With X as SO- , NOi etc., raccmisation does nut ordinarily lake place. 
N-otides und P-oxidcs arc contiguraiinimlly <|iiite stable hut can he raecmiscd in 
acid medium through a symmetrical bipyramid.il intermediate as shown: 


R| 


R °H 

H + j- +H S 0 m L f 

5»R,RRP + ^0H =^= >-&,,+ H + 

-H + 1 2 3 -H 2 0 H 

2 01 f 
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■U.3 Molecules with a tricoordinate chiral centre 

Molecules with a incoordinate chiral atom (e.g., :Xabc)* may be treated in the 
same way as the tetracoordinate compounds with the lone pair acting as the fourth 
substituent. They can, however, oTlcn undergo rnccmuittiion through invention at 

h '«r- C tCr ‘ ,ary amincs (IX) * Phosphines (X), sulphortium salts 

(Xi), sulphoxtdes (XII), car ban ions (XIII), C-radicals (XIHa) (Figure 4.3.), arsines 
sulbmes etc. The stability of the pyramidal configuration increases with increasing 


R-~ N_ 
y ^sZ) 
P"^ 

crx 3 


0 

t 

PhCH^S^ 

Pn 

(xir I 


Me 


n-Pr—-P 
Ph 

(X) 


CH, 


Ph '^ C ^Q> 

El 

(Xltl) 


or 


Me 

l 

P V^> 

ch 2 co 2 h 

(X.J) 


CH- 


Ph— C^— 

El 


(XIIIQ) 


Fipjrc 4.3 Molccnfcs with incoordinate chimt centres 


atomic number. Thus incoordinate derivatives of carbon, nitrogen, and oxygen 
turn row atoms of the periodic table) undergo fnsi inversion and give only 
eon format tonal enantiomers or- diastcrcomers (if there is a second chiral centre) 

3 " llr ° gen at0m fo ™ s . P art of a rin £. the barrier to inversion increases 
substantially. It is more so in aziridine derivatives (see Chapter 10). Thus 2*methyl- 

^^liphenyloxaziridme (XIV) has been obtained in stable optically active form 
(Ie\o) by asymmetric epoxjdation of diphenylmethylenemethylamine with (+)— 
peroxycamphoric acid (Figure 4.4a) 

In Troger’s base (XV) (Figure 4.4b), nitrogen is placed on a bridgehead and 


P \ - 
Pn 


(+1-PCA 


Me 


Ph 


Ph 


^2/- 

A" - 

Me 

IXIX3 (XV) 


Me 


Ftgoxe 4.4 (a) Chiral oxasiridine and (b) Troger’s base: 2,8-dinjethyl-6 H, 12 H- 5, 
il-Enlhfinodiben2ofb,fII,5)diflzocine 


Sarrtflg' (iifKhli)-Vri^e&ile tends to be planar such os irialkylborancs (Babe). 


r^ 

’'t 



Scanned by CamScanner 

























i 


48 Stcreochemhtry 

catinol undergo inversion without breaking a bond and stable enantiomers arc, 

therefore, formed which arc separated by column chromatography using naturally 
occur ring lactose. 

There are three Incoordinate species derived from carbon compounds, namely, 
earbanions. carbon radicals. And carbonium ions which arc of interest because they 
are reaction intermediate! and often determine the stereochemical course of 
reactions. The enrbanions rCabcfas XIII) arc isocleeiromc with amines and like 
tertiary amines ore pyramidal and undergo inversion very easily. The carbonium 
ions, C abc are isoclectronic with i rival ent boron compounds and by all available 
evidences appear io be planar. Theoretical calculation also show* that the most 
siable hybridised stale of carbonium ions should be sp 1 wilh a vacant p orbital 
The carbon radicals. *Cabc (as Xllla) (Figure 4 3) have been examined in the 
gaseous slate and in solutions and the physical measurements indicate that they arc 
ptnriar or near planar. 

In coiunsi* I lie LricovakiU compounds of Milplmr. plniKplKirin. mwnic, amf- 
mony clc. (see Hliriner 1945) belonging to second and ihird rows of |hc periodic 
lablc give configurationally stable cnan I lowers*. Inversion harriers of mnJteuta 
invoking firsl and second row tricot ird inale dements nic iiuailahfe in the lilemturc 
(see Ohhuhn et al 1976). 

4,3 Configurational nomenclature 

The different modes of representation or three-dimensional chiral molecules on 
two-dimensional paper, have already been discussed which include Fischer projec¬ 
tion, sawhorse, and Mew man projection formulae. These formulae show the spatial 
structures of the molecules in their relative and absolute configuration which might 
be or might not be known but no nomenclature was given to the formulae. For 
example, lactic add has been represented by two Fischer projection formulae, one 
for dextrorotatory and |hc other for the Icvnrotalory enanifomcr. The problem 
now resolves itself into two: (i) Appropriate conjlguratinml 'descriptors,* have in be 
given to the structures in the way one says 'right' and 'left' to distinguish one's two 
hands, (ii) Next, one must know which simclurc belongs to which enantiomer 
(assignment of configuration). It Is necessary first to settle on some system 0 r 

configurational nomenclature so that each structure may be identified by a specific 
name. 

4.3.1 Fischer’s O and L nomenclature 

As early as 1890. Fischer while working in the sugar and amino acid chemistry fell 
the need for establishing confipurational relationship among members of a family 
or compounds (e.g„ carbohydrates). He established the rclaiivc con fig ura linn of 
(+ Fglucose and arbitrarily reprerented it by the structure (XVT. Figure 4,5) (he 


1 etiaraewf m tone piir ind 'hr p cKnniclcr fn bwh iiiCrcw flirt fM s down iV pcrmdii; 
Wblc; hfnfC r^nii Irvitnirfoo Hale Wilh Sfl ! lirjndi arcf p hurt pafr ri (N^Omod. 


taltfol PDF Cnmhinn onlv 


Scanned by CamScanner 







Stenommmfym anti Centre of Chirality 49 


CMO 

*—c—oh 
i-C-H 
* —C“Oh 

—CHBH 

SfcOH 

iivn 


CHQ 

m-c-oh 

CHjjOW 


CHO 

HO-C-N 


CH^Cm 


E 

\ 


KO^C-C-H' 

Ml 


exviiij 


9°z* 


txvilj Uviiai 

I'fcurc *1,5 D tuiiJ L Ni'mcnclitiurir 


NjN-C-h 

CH & 0M 


[XIX] 


W 

-c 

q 


HO-C 

I 


M 

-OH 

: -T™ 
CH 3 0H 

IKX 1 


“ : -J c _ wc,! chosen fe m^ror image)-. He called it D-f+Hdueose, the 
tr-.-- - *D' referring m the configuration implied in Ihc formula fXV|> Anv 

bc eci*clic«|ly related to (+ glucose through chemical 
^™uon S such as (4 1-manrose and (-^Hnrctosc was placed in the D 
" ^^v’Ctive of their sign t f rotation i Fischer originally used iowei case rf 
T :; enantiomers were put in the L family Since D-glucosc (XVI) can he 
^toded into or synthesised from (-f->glycenilddhydc t the latter was arbitrarily 
^ Configuration represented by XVII and f-J-glyreraldehyde the L* 
Pinion represented by XVIla fthey retain the C-5 chiral centre of O and 
. respectively}, Most of the sugars land analogous compounds]! may, in 
* -: - r be genetically related either to D- or to L-glyccraTdtrhyrft and their 
- tr^iutms were Accordingly defined by D or L This genetic nomenclature, 
c -did not work since in many cases, both the enantiomers of a compound 
«- be chemically correlated to the same glyrenldehydc. c,g*. (+)- and f—> 
J* - to D-giyceraltkhyde; the lormer is obtained by reduction ot CHO to 
• 4: ' : d al fon of CIliOH to CG ; H and the latter by oxidation of CHO to 
C isd reduction of CfhOH to CHs. 

r: m vc °t * he difficulty, Rosanoff f J 90fi> modified the system and suggested 
wamcndniure iiixtiitlini; tu the l l ill lowing con vent it 

v 111 FwdwAsyatcni, the molecule is wriiicn willi Lite lorigini carbon chain 
P* tcnically. 

' ■’ mo ' J highly oxidise*) end of (tic chain is placed at the top fas CHO 
* P -- <• a £an> I ol lowing Fischer's convention. 

■ in (he protected structure, the Oil group (or any negative group, X) at the 
® -■ -a*® 1 1highest-nunibcied) chiral centre fC-5 in glucose) is on the right hand 
Kc molecule is given D configuration and if i! is on the left* the molecule is 
*■*" L configuration fas in D- and L-glycersldehydc respectively). The Fischer- 
L v. system docs not refer to the origin of the compound (non-gencric) and is 
mr ~ nly used in all textbooks 

B - :r. only molecules which can nc projected in a manner similar to sugars, 

:r,io cliis scheme of nomenclature. For example, I-phenylbutyric add 
^ cannot be written in Fischer projection following both the specific? lions 


Iticiit e»r D 4 +tylu£u*c fiwrn hv Fiwrhft lurried out to be emtet ■wlrni. in f 95 |. the 
.‘nrrh|ufjticid of jnotcvaln was ifetetminnt for the fim time h% X-fiy diffrajtinn tiwri- 
Oapter*). 
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50 Stereochemistry 

£ titter He longest carbon chain can be placed vertically 

r *l “ S carboxylic poop ,* plac^a^c op 

nolecnle containing both hydroxyl and amino group. n™ zTrTa^i! 
SSKTJf,^ ) h m 7 ta *-» 0 ™ «i,h «&„«” t y‘er Hehyd" 

” ly te deS ’ B ““ l «*■ “ » or as U fSlocum, Sugarma^and 

4>3.2 It und S N^mencInfurc 

onttI^"«Sme^ Un ,T hlE "‘’ U ’T U '"' “ r i»mtMta,* tvused 

bigoid rrnn^T *"*■■»«* of ran >“>''“™r ra introduced h y o,i M , an ,t 
in/ n -j-, ^ 11 “gently dihonicd hy Cahn, Irptilil and I’rdm 1 (]<JSS 

1966) Hie Mm .s known n S CIC ncimcndnii., e :.r E cr U« «n,« or S?„ h « 

■th«?”» !? lh “ sy,1Cra - lhe configuration of .i imilJciifi; h spai/ivd „ni(judv 

S ndnld f ° r 01 “ *V»" »**. uE to le/l) S 

L™ P v ? j f D ?™ nciMwc and numbering. Like D and L, R and S are abo 

o^^fctfan. eSCnpt ° rs ’ “** 05 P 1 *®" 8 * and havc nothiQg lo do wiih the signs 

Assignment of configuration is done hy Ihe ippIicaLion of two rules’ ihe 
sequence role (consisting of several standard submits) and the chirality rule The 

2T* ,he fcur Iieands ° f a «« ffitl 

sequence, e.^., a > b> c> <J (V having ihe highest priority and *d’ the lowest) or 

taEl"* l>2>3 >< ^ chJcentre is STfirf 

m Die stdc remote from Die lowest ranking group fff or A) f Figure 4.6 )l If from 


-J 


d —C. 


(v,C ~ 6 


\ 




IP 



I' ll.iifC <1.6 Chirality rvtc: /f and A' nnmendAllirc 


** iin.l .Vjim Ml* rill «ilU« |*rn.ih^t IniI *4 n™„„| y . in .hit, 
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Stereoisomerism and Centre of Chirahty 51 

Ihis point of view, the arrangement a - b - e (or 1-2-3) appear in the 
clockwise (right'handed) direction, the configuration is R and if the arrangement 
appears in [he anticlockwise (left-handed) direction, the configuration is S. This is 
known as the chirality rule. 

The standard sub rules which determine the priority order are six in number 
(actually, they themselves may be called the sequence rules) and have been scats] 
under Che headings (0)H[5) (Calm, Infold, and Prelog 1966)*. They must be 
applied in succession, i.t, one after the olher in the order slated. 

Sequence rules or standard submits 

(0) Nearer end of an axis or n plane precedes the fanher end (proximity rule). 

(1) Higher atomic number precedes lower, c.g., S>F>0>ISf>C>fi 

(2) I lighcr atomic mass number precedes lower, ag,, T > D > H. 

(3) Cis precedes trans; and Z precedes £.t 

(4) Like pair /?,/? or S,S precedes unlike pair R.S or $/?: Af,A/ or P,P 
precedes MJ* or i\M; /Tj/'or S.1* precedes RJ* or £Afc M t R or P,S 
precedes Af.S or P,R t ami r precedes s. 

(5) R precedes S: and At prccolcs /' 

For (he majority oi compoundN, only submit.'* fl) and (2) are important: the 
other sub rules apply only to special cases. Subrule (0) Is applicable to axial and 
planar chirality to be discussed in Chapter 5, Subrule (1) needs further elaboration 
which is done in the following paragraphs; 

1. Atoms directly attached to me central chiral atom must be sequenced first 
according to submit: (1). If the priority still remains undecided for some of the 
Kpnds, one passes over to the next atom in the ligands and the exploration 
continues until a decision is reached on the basis or the sub rules. The following 
examples illustrate the point; 

-CH,CHj > -CH, OH > -CHjJVH* -CHjCHF Br> -CHsCHFQ 

(Decision is reached at the italicised atoms) 

It may be noted (hat subrule (2) must not be used until subrule (1) is completely 
exhausted; thus — CHjCIfjCHj > — CDaCHj because propyl > ethyl (subrule l); 
but - CHjCDiClIj > — CHaCRtCHj (subrule 2\ 

2 , In case a ligand bifurcates, one must proceed along the branch providing the 
highest precedence until a difference is encountered. The decision must be made at 
the earliest opportunity and once made, cannot be changed from consideration of 
substituents farther along the chain. These points are illustrated below: 

CH- CIU 

i I 

-CII-CKCK-C1 > -CN,CKCH,CH,i -CH-CCII, > -CH,CCH,OH 

I I I *| 

CJIj C]l 3 C« 3 li 

‘frrlcg and Ifclmdirn (1982) hue propovd i few rcvniani and modifiatfoiM of the subrules which 

in loci nnc “tune, For some recent supjjcitinns, tec DrdJiuk and MirowicrflWO), 

b lesi PDF Combyy v onTJj rtjiB lmnfnol0ri(3 Jurt „ z E w , na Jafc bie,. 
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52 Stereochemistry 


i When the central atom is a pin of a ring system, each brunch is followed 
until a decision is reached as shown in Figure 4.7i below (sec Prelog and 
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OH CH Z 


< CCJ 


> 46} 

Reuh 4,7 fal Priori! y sequence in ring system; (bl aldehyde versus tinted aldehyde 
venia hemiicetal 

4. In the case of atoms with multiple ^ ■»" to which they ve 

muUipIv bonded must be duplicated or triplicated as the case may he a 

or the multiple bond. The duplicate atoms arc put into of 

hydrogen are made up (complemented) to l.gancy four with phaniomjioms ql 
atomic number amo. Thus the representation of the aldehyde J;*V 

shown {Figure 4.7b) along with iU hydrated form and hemiacetal for comparison. 
F»m S=uir« (A). <B), «.d (C). i. is d«.r itat -CHO h« P-farrcc ovs 
the hydrated form (B) but the hemiacetal (C) has preference over . l J c . d ?^ r 
(A). The list point illustrate the utility of the phantom atom wh.ch has lower 
priority than hydrogen. In the following illustrations, (Figure 4.S) I lie phnnio 

aiom-S jire omitted 
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Figure 4J Priority icqucnce of jomc common groups 
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Ihc Absence of'*" lone psirof SteareSTrta'ih 5101 ' nof ' ncn: “ i ”s priority.In 

* I*— Priori,,. aS£S£S{( „ onT,?'■*•"*» Hhn 

of atomic number zero. P 1 f n N) u equated to a phantom atom 
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3, CH» 
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31 SOfl 
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*■* “ *“» ***■ <ine % t ,n S «* 

lu d and dc[ermine ih c order , 3 f i _ k r C ,hc fldc “PP 0 ® 1 * 

rr ; r £ 

F, e urc 4.6 (bottom row) snd Uira d^ri^TKmfcircle ‘ ' he . bottom “ shown 
d,r “™ ° r "6,eh indicates the confiptmtL A' 0 """ 8 ‘ c dse 

E^mpulateddiherbyexchauEinctwoMiWr a Flschtr . projecuon can be 
either clockwise or anticlockwise to conform rn'dc ^ ° r r0ia,inff a gf0U P ° r Ihree 

baled in assigninj , 6e configurational de S cript O rs K 1oT(+W|ic7' , i S | i t,‘ 1 t ra0nS ' 

L-f ->-sc one respectively f Pi pure 4 91 In h^th,h ■ 1+Hlyccraldchydc and 
10 D and L respectively out iL doe'.!™ i ™ ,n “' R and S correspond 
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Figure 4.9 Assignment of R ind S descriptors 
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acaJttilB lor tne change of QfjSU hnV ^ Wgbcr P™iy ™ COjH idiitfc 
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pischci projection (it docs not matter whether It it a* the lop or at the bottom), the 
sequence gives the correct descriptor - ; if on the other hand, *d‘ is on the horizontal 
line, the sequence gives the wrong answer tmd the descriptor assigned on this basis 
should be reversed. The procedure is illustrated with (+>tanaric acid (XXI), 
D-(->arabinose (XXT1), and 3«brnm0bu'.nn-2-oI (XXITO (Figure 4.10). In the 
first two eases, II is on the horizontal line in ntl the chiral centres and so the 
descriptors arrived at from the sequence a - b - c have to be reversed. In the third 
case. II is on the vertical line in both the chiral centres and the sequence a — b— c 
gives the correct descriptor. 



CHO 

CO a H 

X 

$ 

o 

H_ ^r 0H 

. H -£-y 0H 

HO-^hH 

H-^-OH 

co 2 h 

CHjOH 

(XXI) 

(XXIII 




21S} ,*[/?} ,4 iff) 


H 

ho^tch 3 

J I 
H 

exxim 

2[S)^IS) 


1’ll‘tire ^10 Humpies c*T ihr 'very pfflttT mncmnnic 

Cyclic molecules such as steroids ami lerncne* arc usually pmjccicd mi the plane 
of the piper and. hydrogens (or MibliliK'iiIn) luoln! btluw mut jlmvc Ilk plane 
are assigned a and fi descriptors respectively (a represented by doited and /j by 
thick lines as shown in 3-cbolestarnL XXIV in Figure 4.11)— a system re¬ 
commended by the Chemical Abstract Service (Pur? and Applied Chem „ 1972, 
31, 283). These descriptors relate to relative configuration and are meaningful if 
the cyclic system is drawn in an accepted way as iu steroids and Lerpenes. For 
absolute configuration, each of the chiral centre in the cyclic molecule must be 
defined by RS descriptors following C1P nomenclature. A convenient nciliod his 
been suggested by did (1985) which is as follows, Al any particular chiral ccnlrc, 
one ligand must be dearly in the from (F) or dearly in the back (B). This would 
be regarded as the reference ligand. The order (clockwise or amidockwisc) of the 
remaining three can be very easily determined, all three being in the plane of the 
paper, ir this reference ligand is 4/il (lowest locant and in the back), the sequence 
or the remaining three ligands would give the correct descriptor. So 4/B{+) may 
be used ns a mnemonic [(+) stands for correct]. For other combi nations 1 , the 
numbers will alternate with signs, e g., 4/B (+), 3/Bf—), 2/B(-h), and 

4/Ff—), 3/F(+), 2/F(—)* 1/F<+). For example, the C-10 chiral cenlre of 
cholcsianol (XXIV) corresponds to 4/F and so although the order 1 — 2 — 3 ii 


*Tbc method b xisnpljr an aitnsion of ElEcl'i since i Richer projection b permitted 150“ rotation and 
it il immaterial vtiedcr d is put ■! the bottom, or al ihc lop of the projection. 
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H 



(XXIV) 

Fip. re «.H 3f.n. srn. Sfffl *rsi, low, imj. mis. u W) . io f s),.ci, (> t clI , n . 3 . o! 

c 3 n FCprtWM pnmly Order pf MlhMFltWfllt at C-IO) 

d«kw!«, ilic configuration is S. The configuralioral labels a[ [he other chinl 
enures iii ay be worked oul likewise 

An algorithmic rule for awning R and 5 descriptors to i chiral centre in Cyclic 
diS^ hM ""E? b 7 n WOrkCli 0U ‘ fKotera im ' Howner, ihe procedure 

difficult lo remember and it may be Q r academic interest only. 

-'.3.3 R* And S* Nom^ndulurc 

P* p nomenclature when applied in a molecule with mi.liipte chiral centre 

5JT fluoracw^ h Llll ' C ™r ab ™ il,lc “"^uraiinn. Titus l^hrnmo-IMW 
-sR-nuorocyrlohcMnc refers only to the enantiomer fXXV) f Figure 4J2). It often 


Br H 


or 


txxvn 

FI pure J.li Nnmenclolurr If/f'^tno-JrS^io™^^ 

happens that pure enantiomer is aviilnhlc with known relative but unknown 
absolute coti^uration. In such cases. ,he R r Smtem of nomenclature is modified 
" MW flUPAC Commission 1976). The atoms are numbered such dial the 
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56 Stereochemistry 

chiral centre having iftc highest priority ligand c c r fi f vw ■ • 

lowest number (lowest Wani'h ti^a m iL i i * c '*** . m ,s pi^en the 
feoni s «. the R con“S 0n JLw'm T" ™ (Cn lh *‘ ,he low «" <±W 
the us liJ iI method nnd cadi ofihc -w* ■ V l ^ C <t<hcr ch(fal wolrcs is made by 

Jt-slnr 4iii lT S-stur) (o indicate tPm Hkm, r ° f * * * |1,f< l,rKfl " r ■ T ' jLr ' vk (prnnoimnul ns 
brnnu.3^^W5^^^;!'L Cy rt ' rrcSCni -^im.inn j„ ps , 
stmciiircs (XXVI and (XXVJ). ^ cxnnt "P'Pwnft either of Ihe cminlbmificr 

4J.4 OP Nomenclature or mcemnte.s 

ffc W.rSTc'J'S^^'S! '“'T '* ,UrAC recommends 

4.3,5 Nomenclature of polysubstifuted cyclancs 

srasassst^tts-i 

:;^vnn d ,“7^- 

(1Be - ind ss * nd ***»««-2 


£3 

^QN 

!' 

H H 

Iff ,£S 

1 _ 

H H 

r $ ,2 X 

__ a 

<XXVll]>cis 


Figure 4.13 



(XXVt)l ) ( trant 

Figure 4,13 Dbutaiiuted tyciahexanft 

compounds Drcochiral (ran*,) (XXIX-XXXI), ll.c«, 


Mt—- v Me 

1 $ & 

f QH 


IXXIX) 





H 

UXXll 

Umire 4 .14 E'nlysubsritulcit tyclnhcAanes 
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inapplicable Moreover. I he sieric relationship doe* mot become immediately 

IJli ' UnU lmm ""■ h 111111 ' 1 1: ' I... I" obvj.rh dm . .. rt(tfT1cn 

tTZ A% lk ' ih(CJ ° micm iscc J:Nel 197l > l,llN ^cn ■*M«I which is u 

(0 A reference group denoted by symbol V b specified with respeer to which 
Ehc oilier Mibstiun-THtS sife tlMribcd m tw i*r ifan\ 

IjO I lie c-group is mi chosen lhat it is attached in die lowest loom (die lowest 
num^icd ring member) according in iUI*AC rules fvitfe supra). 

If two ligands are- attarficd In |h F In west tnoni, Lhnl one i.t selected ns 
e-group winch ha# prefer dim: in the IIJpAC mw^itdfliirre. 

{tv) When there arc (wo ooiuimitionaJfy equivalent path ways of going around 
■ c ring starting from the lowest locnni, that giving die cis attachment to the 
second fubstittsenf (ihc flrsi bejfig Uie r-group) is clio^cn. 

Following the rules, the compounds (XXIX). (XXX) t (XXXT), and (XXXlf) 
arc named respectively ns iJ'rfflw^imeihykyclolie«n-#--|Mar, f4-Mc e trans to 
OH), c;>3x/J-5h] imclhylcyduhexnn-r-1 -ol, frafts-3^iis-5^1iiiKthylcwldhesan-r- 
i-ol, and m*3-jfroiii^5-draieibylL-ycloheKaiw‘.I-oi [according to rule (iv) h the 
carbon boring as rnelhyJ is counted as 3] The common practice is to abbreviate 
liic names* by replacing ris and JSmttF by r and t respectively. 

Tho structure fXXXlI). although chiral, has 5-conlIgiinnion both at C-3 and at 
“f 5 ™ c f 1 IT,a ^ it impossible to give a configurational descriptor to C-I. Id fact, 
l-\ w chirotopic fas judged by local symmetry) but ncm-tfercogenic (exchange of 

vY?v v°, H v, dOCi tl0 ' * fl > " cw stereoisomer). On the other hand, C-I in 
XXIX-XXXI IS w hi rot epic but slereogenic (sec discussion under irihydrmygtutiric 

4.4 E and Z Nomenclature 

h has been shown that olefinic compounds like 2-bulenc can exisi in two 
diastereorncnc forms which are called di and trans isomerc The necessary and 
'-uiricieat Condition for this type of isomerism is lhnl V and V in Cab=Cib must 

k ‘ hC **“ ° f ° b=Nx ' (or N « = N *). »«= lubmllunnt 

f Ir ^ ^ ectroos on nitrogen Since this isomerism owes its existence to 
ie presence of a ir-bond. it has been tailed ir-diulereomerism {Pterre J971) to 
distinguish it from u-diuslcrecmcrijtm exhibited by cydic compounds* The * 

$SSf£T£! ^' wrMhmcn « l,nal molecules (if one ignore* the geometry of the 
“ VfTOvp*}. JM 1 SM 35 a plane of symmetry, and therefore are achiral.t On Ihc 
otner hand, the r-drasrereomcis arc three Jjmeowonal and may he chiral. For 
molecule* of die Iviv, Cab^Cab or Cab-Cae. the terms 'ck' and "Inins' are 
adequate and un/imbfeunua, lta( if three or four of the subKiihiduts arc different, 
this nomenclature leads to ambiguity and sometimes to UUnl ennfusion. 

An easy solution to the problem is provided by arranging the pair of lieaodH at 

ff* **g" * “*° n in r clp TVm if Uk ft™ps of tigber priority lit on 

rtse same side, the configuration is seq-cis; if they are on the opposite aVU; r ibe 

*Tttij MnmuoJepT, however, u ioh) wry mrety (Ton I979y 
ifnndd iikt V it? Khiot 
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mnng Ural |„„ (CIP | %f0 T | 111]t if ., prraill ,,, |lrm .; k ,, 

! fitu u " of lllc (XXXIII) :iiul IXXXIV) (I'iftirc4 IM nrc 

IMSHhcTwowm^' 1 '' U ‘T' “T'**"'" 1 "• 1S, '“ n <llta*«"«l cl >1 

!, * 1 lC lW0 le f ms reptiiccd by two shorter symbols. 7. (from the German 

t0 * and E (from (he German Lgtgtn meaning 

across) which are iwcd as prefixes 1o thc okfi(U Accordi hf E 

“< <*,™ “lied «. pheny i bu ,. w E rad (bcic £2 

SxxvrT^ are . fiduc,al J -JJ e ( P rev,OU5] y ca| kd ^-J^-dtchlorobromociherie 
* n ° wn as -bromo-1.2-dicJiIorocthene which goes to prove 
ibat £ and 2 do not always correspond to trans and cis. 


V 7 

C™C 
t/ \ 

rxxxrm 

o b 1 

J \ 

fXXX(V) 

CH 3 X /^H 

c=C 

/ \ 
c 6 < 'h 

IXXXV) 

Cl Cf 

w 

vf ^0r 

(XXXVI) 

CH 3v p 

C b h/ \h 

(XXXVII) 

CH 3 oh 

\ f 

(XXXVIil) 

Cri 3 v P h k H CH, 

>=•< w V 

Ph c=c \o 2 h cc^h^ 

W H 

co 2 h 

=C=C==t( 

X ch 3 

(XXXIX) 


(XU 


^-15 r.pnin plc^i nf /: uni I / rnmcdi'lalurc 

Hi^pwf^ 3! ^ ni ^ aL ^' }° 1 ® tcl1 simpliileiitiiin in ilie mrnicnclaiurr of ifie 
diastcreomcnc o*.mcs for which the (often amhlguam) icrms *iwf am | ‘amf „crc 
previously coined. Thus the 3 yn (XXXVJJ) mid the ami (XXXVtll) oximes of 
acetophenone arc now called 7- and ^-isomers respectively, 

_ ?fJ bC *?* ° f C0DUinb S aore Hun ow non-cumulaled (belonging 

to different carbon atoms) double bonds, the number of rr-diastereomtis (2" where 
ob the number of non^quivaleni double bonds) increases. The descriptors Zand 
£ can be applied u> each diastcrcogcnic unit. Tims the tricne (XXXDC) « 6-chIoro- 
7 plicnylocia-iZ, *12, GE-uicnoic acid, Cunuilcncs wilh an odd number of 
cumulated (consecutive) double bonds willi Iwo = Cab as terminal groups display 

*Tk word IkTucuP muw 'final buu of rtfricmr'. 


K 
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Sicrt ohomrrism and Centre of Chtraiity 5*. 

^-diiLhlcfcomtnsm and f, Z nomenclature is applicable to them also. Thus thi 
cumulent (XL) is an E-i&amw. 

4,5 Molecules with a centre of chirality and simple axes o! 
symmetry (C.) 


Centrally chiral molecules of the type. Cabcd (a, b, c. and d are achiral) are 
completely asymmetric (poinl group Ci). The symmetry increases as two or more 
of the ligands become equivalent as in the senes: Caihc* Cartbb. Canab. and Cjjjj 
TmMt dJ) une or more a 

** i p4ncs could be eliminated—a process called desymmetrinttoo— the 
W—> mokculcs would be chiral containing one or more C* axes (except foe 
. J would belong to point groups other than Cj (which means that an sp ! 

' r-senic atom ned not always be asymmetric). 


Table 4.2 Symmetry «jI iMncDDnllniiir cMrin- 


T m 

Symmetry (kmenu 

I'otni groups 


nniK 

c, 

Cube 

e 

G 

Ciabb 

Ci 4 2u 

c h 

Cuib 

Ci 4 34 

C>. 

Cim 

4C, + 3Ci+ 

L 


The hypothetical molecule fXl_f) belongs to the type omhb and can be 
dcsyjcnmctriwd by pairwise bridging tin- unlike lipiuh to give the spirn-liydanlnin 
<XLIl) (Figure 4, I ft). I lie pincers tlrsUtiy* the two n planes but retains the C flub 
which passes through the chiral centre nnd biscch lltc angle between the two rings 
The molecule now belongs to point group Ci. Jn order to assign con figurational 
nomenclature to the molecule, one starts with either of the rings (both ire 



ULil 




5 

(XLIII) C$ 


S 

(xlmjc 2 



Fcure 4.1 ti Dewn media lion scheme 
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equivalent). say ring A. and assign priority I to Nil f I be sequence rules 1 Priority 2 
is (hen assigned ui Nil of the ring IL Priority 3 is piven to CO in ring A which aissi 
ivmdinx |*S’H. lirtci? explore Hew from li outward* and round the rinji Jcudi to (he 
more preferred 1-NI! whilesmiter exploration from CO in ring H lends In the lew 
preferred 2~Nil The eon figure lion of I he particular enantiomer of the spim- 
bvdanicun (XIII) is thsi*S. 

An achinil molecule of the type. Cannh can he desymmetrised by connecting the 
identical ligands by directed bridges. i.c„ bridges with different end* pointing either 
Clockwise nr anlicluckwise. I'hn nliinmak's the a plane* hnl retains Lire Ci ans 
I he hchahydmphcn.rlL'ue {XLllll fas yet ;i hypothetical moleoiliM serves as an 
example. The mokcuk possesses a chiral centre and belongs to point frrotip CV In 
Hiller to Pis its CiwriipurnlitiM, any of the equivalent ligands i- |*ivet1 priority t, 
JhuTity 2 riH'i in that ligand from which outward I’splniiiluw along Hie route of 
ItighiM prvmkmce (i.e, nluiif the diutMe lunid} IcaiK t*> immlvr I. 11 tr Ihiirl 
ligand iLihstiluting the rrnp system has priority 3 ;iihI hydrogen is i mm Itcral 4 
which h'Li k * the eonfipurattiin as S. II II is replaced h> an atom of hrp'lter atomic 
nuutbef than Hint ul .nkm. Lhc symbol will he (\s*vt%eU. 

bmalky. the molecule of the type. Ctttra 17 symmetry} tan he dcsymmeirLsciJ 
hy connecting the ligands with two pairs of different and symmetrical bridges (A 
and Ji> a* shown in the scheme (XUVi, fbe molecule* known m vespircncs 
iXE V a — 6-Ki illustrate the potnt. I liey are actually double sptrms. C* being 
common to two pairs of equivalent rings The original 6« planet in XLIV are 
destroyed and so also the four C axes. Only the three Cr axes directed along x. y, 
and t coot Jhn:hes remain. Tlie molecules contain a centre of chirality and belong 
to point group D * To determine lhe chirality, any of the ligand say the lower 
right hand one i\ numbered I. ihen the one which .shares (he unsaluniled imp A 
with ii i' mi inhered 2, and Hint which slimes the second ring 11 ivith it is numbered 
3. i he com Ip lira non is thus 5. 


4.6 Alt dec tiles uilli (wii and more eliintl cert I res 

Many natural products such as ttertnds, tetpeflev earbuhydrates, proteins, and 
rilkitloids eonlain two or more dural centre- An imderMamling of iiereochemistrvof 
molecules with multiple chiral centres is. therefore, risen tbl The folio wing points 
are worthy of note: 

tn Addition lor creation ) of a new chiral centre to a molecule already 
containing! one or more always gives rise to new dinstcrcomcrs the number of 
w hit h JoubV* lor each addition except in eases of degeneracy 

Iff} In molecules with multiple chiral centre*, diastereomets and enantiomers 
occur 'life by side Depending on symmetry, any dilutercomer can be culler achiral 
or chiral (ami so resolvablel 

liii) Special system* of nomenclature are reeded lo designate two tltnsim-omri' 
which dtJfcr m ihe relative configuration, 


‘h HUH hi' mmsl tJkiil if tin- 1 nnr H Ihe miilm-ulf whiiIlI hmvC hvrt All .tflrtr M our with Um 

. ,. L-.1 hi I V 
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Stereoisomerism and Centre of Chirality 61 

These points are discussed here with reference to molecules eon mining chiral 
tenues {stcreoccmics} only. The same principle, however, applies to compounds 
oottiaining other elements of cbiraluj, c,g^ a^ial, planar, and hclicnl chirality and 
any combination thereof, 

4.6J Cons I it ii I inn: illy unsyjnmt'lfical chiral molecules 

\ mnlcculc coiiintning |wo or more cltirnl centres is constitutionally uniymmcincuJ 
if the two cinl groups (in the case or acyclic molecules) are norM*|uiwfc(tt ns in 
D<TYlhfusc fXIVl) and in D-threose (XLVII) fHgure 4.17) or if each of the 
chiral centres is substituted differently ns in 3-bmmo-2« butanol* (XLVIttl and 


CHO 

H—C“OH 

i 

H—C-OH 
CH ? GR 

0-Erjlhron 
tXLVI J 


CHO 

I 

HO—C-H 
I 

H——OH 
CH^OH 

D-Thnoif 

{XLVirl 


Figure 4,17 J>Erythrcse and O-lhteijK 


(XUX) (Figure -4.111) and in l-brnrno-J-hydroxycyelobiJlJiric (l.V) (Figure 4.2J). 
Each cliirnl centre ix caimhk of ciulinfi in iwo lutifij-iirojintiv, U and S imd Ik 
total number of stcrccti-somers is thus V where n ii the number of chip] centres 
Alternatively, one may crprew thr nmnihcT of Mcnroisomers as f±)-pnirs (or 


CHj 

CH a 

i J 

ch 3 


H—C— OH 

HO—C—H 

HO-C-H 

H—C—OH 

h— c-0r 

1 

Br— C“H 

t 1 

H—C—Br 

Or— C—H 

I 

1 

I 

1 

CHj 

Ch 3 

CH 5 

CHj 

(XLVWel 

EXLVJIIb] 

(XLIXO) 

(XLIXO) 

ts^ft 

1 

2P.35 1 

1 

2*.3 R 

1 

25“, 3 5 

I 

H OH 

y 

l 

HO H 

y 

* 

HO H 

y 

J 

H OH 

y 

yCHj 



chVohj 

A 

Br H 

H Br 

A 

Br H 

A 

H Br 

L__ 

_i 

l_ 

j 

fll“£fj/thfo ton* 

(±1 —Three terni 


figure 4, IS Sieitoisomm of l'bromo-2-butinol 
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racemates) sinec they are Enantiomeric in pairs. Any stereoisomer in ihe ^bes 

SSS^SSSSa^S 

SS=HKKS€:Si":= 

s «r fr ** s? 

££ lh ;- ^Tc'rntrn 

sat s sssstt: s^f^SS 

S 5 SS 

Te#. and ihren* In cl* oldest system. chc dlw.rTcnn.m J* *l^d as 

HSHfifS 

^ "'s 

two terminal groups (in the Fischer projection) a p.ucbr.v the threo form ia 

iKL'sr-Sfch" 

(1 „U ana f0 ™' ,h 

but fallen badly for co-npo»nda^f the OTJ*^ ^ ^ ^ ^ ^ 

SKMfc*aTeof option. or electronegativity and .ha system becomes 

anibif’uous. .... lu , M „| lirJl | (ril |fn tuny lH ‘ firtitwllT 

TEiSSSSSTJ^^^ 

irtlDimmaJ m«hyl S^I 15 *> fi ** lhowTL 
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reprcscnled by ihc lwo planes in Figure 4J9. The faces are designated Re if 
—- three ligands a. b, and c nr x, y, and i arranged in Ihcir priority order (CfP) 





b *-—'c P-r M u-^i y 



o> b > c ond x > y> z 
Frenre <1.19 Preff.ind Parf) notation 


3 dock wise pa Lit ami St if they (race an iintidickwi^c pith ns shown (sec 
Chapter 6 for /fr mul Ar'b t’mvy nml Kiiclmc (1*^82) li,ivc used Uic prefix picf 


-^L'nly ruH relive) for the ifi a kw roomer furmetl by (lie com hi mil ion of two imtike 
^ecs ifir-Si nr Si-ltr: Kv and Si arc reflective like A 1 and S) und the prefix part 
^‘y a mi reflective) for the ilmsier comer formed hy (he combination of two like 


( Re-Re or Si-Si) The diastcrcomer shown in Figure 4.19 is prcfffi^Si) by 

— 3 definition. Earlier, Noyori et at (1981) used ihreo in place of parf and cry thro 

— of pref. The system is general, conformation independent, and may be 
c\cn when the two chiral centres are separated by achiral atom or atoms 

embodied in [M]. 

3. Like fO and unlike 00, Prelog et at (1982) have proposed a very similar 
system for configurational designation or molecules with multiple chiral centres by 
/ (like) and u (unlike) for diastereomers formed by the combination of 
rascals of like chirality (R*R*) and of unlike chirality (R*S*)* respectively for 
adjacent pair of chiral centres as illustrated in Figure 4.20. The structure in 
Figure is represented by the prefix i ili meaning unlike, like, and like. The 



n 



2>flnri‘J,4-jtpt, 4,5-anit- 
(Maanmrtc) 


F. 4r,SR{C\F) 


■ mPnlogt 

3h, <u, 5u) (Bncwsirr) 


Figure 4.20 Sierenchcmiffll rmtai in rut for compounds with multiple chiral centres 
’ *■ * K a 5* refer hi uLiiiiit RlrimrhrnilMry fwe SreiidA 
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64 Stereochemistry 


. nomenclature has been attended in define Ihe stcr^c entire or diasiercosckdivc 
read ion using tk and ul {instead of / and if) for approaches of reactani* with like 
faces for groups) as Re a Re m and Re*R 9 and with unlike faces for groups) ns 
Rt*$i* and Rc*S* respectively (see Chapter 13). 

«*♦ Anti and syn. Aldol chemists have used a simple system of nomenclature 
specially adaptable to aUoMypc compounds containing multiple chiral centres. 
The longest carbon chain is written in a zigzag fashion (also see Chapter 13). If 
two substituents (usually alkyl and hydroxyl) on the adjacent chiral centres arc on 
the same side of the plane, the prefix syn is used; if they are on opposite sides, ihe 
prefix anti is used (Masamune cl al 1980) as illustrated in the right hand formula 
(Figure 4.20), Hcathcock (1984) has used ctythro for syn and threo Tor anti using 
the same system but the practice is better to be avoided (too many eryihro's and 
ihrco's with different meanings are confusing). 

5. Brewster*! system. Recently Brewster (1986) has Suggested a system of 
nomcncLauirc 'that balances and distinguishes geometry and topography 1 by 
blending Prelaws l u notation with R, S specification of CIP which is best 
explained with the help of the example in Figure 4,2(1. The configurational 
descriptor of the lowest locanl (here 5" of C-2) is placed unhide the bracket while 
inside the bracket, are placed / and u notations for each of the chiral centres. The 
descriptor S is taken as an external reference lo which the thiralily oT each centre 
is matched, C-2 is like itself and so is dcstfiinicd / ami the ullicrs are liilirkil 
accord in Ely. Thus the molecule in ihe Figure is defined by S{2f y 3u. 4 n y Su) and its 
enantiomer by R(2i, 3w, 4n, 5u)* which means Ifuii Ihe nomenclature depicts the 
chirality as a property of the whole molecule. Advantages of this system are: 
Topography nt each centre is readily recoverable, a racemic mixture may lx 1 
represented as /iS(2l, 3w, 4tf, Sir); n parutilly rcsilml mixture, say coiwMiug nt 
9t)/f and |0*V, is represented as [90Jf, ttLV| (2t. Jit. An, 5«U any centre uf unknown 
chirality fsay 04) may he indicated by pulling an jr as in AT2/, 3h, 4 j, 5h), 

4.6.2 Cbmlilurnmally symmetrical chiral molecules 

Acyclic molecules containing multiple chiral centres ant called constitutionally 
jymmetrical if chiral atoms equidistant from the geometrical centre of the 
molecules ore identically substituted. The two end groups of such molecules arc 
necessarily equivalent. When n is even, Lhc geometrical centre is not located at any 
atom hut al the centre of a bond and Ihe number or stereoisomers is given by 
2 ,h 11 -|- 2 1 " ■' ■„ When n is odd, Lhc geometrical centre rests on an atom and the 
number of stereoisomers is given by 2" 1 ", The reason for lesser number of 
stereoisomers « 2 n ) is due to the fact that some of the diaviercomers arc achiral 
(meso) and do not give enantiomers and some arc Jepencriie. In the acyclic 
system, only two such molecules, namely, 2,3'dihydroxysucctnic acid (tartaric 
add) (n — 2) and 2,3.4-tr i h yd roxyg] marie acid In = 3) arc discussed- 

la) 2,3-Dihydroxysuccinic add. 2.3-DihvdraxY5tiorinic add exists in |wo 
enantiomeric forms fla) and (Lb) and one meso form (LJ) (Figure 4.2 J). the lotal 
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COjH 


i 


C0 2 h 


j 




H—C—OH 

I 



H—C—OH 

I 

H—C-OH 

I 


HO— C-H 
I 

HO—C—H 


^0 — C—H 


H—C—OH 
I 


I 

C0 2 H 


COgiH 


CO £ H 

fU’J 


CLflJ 


f Lbl 


(Li) 


Rliure il.il 2.3' Da hysi e st* n iw arid 


y?**f of stereoisomer* bcitiff three I2' i u + 2 £i tli l The dextro form has the 
‘ ^ ttic fa™ ihe Sff, and lh<? mc^o form the H f S or S m R configuraLion The 
.. rj :ind (he Jevo forms an dimtcitQinerjc with the meso form and differ 
nteiantiiilly from ii in phra&il and chemical properties The mew rorni (LI) is 
-r^rposablc wiih ris mirror image (U*). A rotation of ISO 0 makes the two 
"... r Lir«. indistingubJiubk'. The fficso form may lx: desymmetrbed by preferentially 
ssenfying one of the carboxylic groups. All I he conformation* of the I wo 
w^itmnmorj sire chiral. On the oilier UbikJ. die mew form (LI) hits an a l!i in! 
conformer with a ecnirc of invttnfbn and two chunt cun farmer* with /* and M 
':L.:ty respectively (see Clirtplfcr 5). Because the tut (wo arc equally populated, 
- deoile possesses statistical symmetry, and hence is optically inactive. 

:■ i* worth noting that (he dcxiro and (he levo isomers ip the Fischer projection 
~- their, horizontal groups so disposed that equivalent groups are an opposite 
ades anJ ' n respect, may be regarded as the counterparts of threo isomers 
J : riicred in constitutionally unsymmetrical molecules. The must) form has all 
- equivalent groups eclipsed <i.e„ on the same side) and thus bears analogy with 
crylhno isomers. 

'*) 2J ,4-Trihy droxyghituric add. Z3,4-TrihydroxygluLiric add. a const!smion- 
*£> symmetrical molecule has three chiral ccmres and crisis is four [2^ n ] 

, . isomers. Two of Ihem (Lila) and ELIIh (Figure 4.22} arc cmn!ii>mrn and 
•re remainina two (LHI) and (LIV) are mew forms being dra&tereomcric with each 
. ref and also wiih the two enantiomers. The me*i forms can be dcsymxneimcti 

- Tsierffying any of the two equivalent carboxyl groups thus giving two pairs of 

- ntiomers. The two carhoxylie groups in ibe two active compounds (Lila) and 
< Ufa) arc non equivalent and so monocftcrificalkM of each gives two (impairs ol 
Jiastereomcrs^ Thus the total number of half esters of (nhydroxygiutaric 
i:;j is eight (2 1 ) corresponding to a constitutionally uasymmetrical structure with 

' - - cl lira I centres. There arc some longest ending ambiguities regarding the status 
lie 03 centre in these molecules which are discussed below ip the context of a 
recent observation or Miatow and Siegel (1984)- 
The two cnantiornciic structures fLIla) and (Ulb) are considered fifsL The 
rural grouping, -CH(OH)COiH can be designated by either R or S and 
accordingly, the enantiomer* (Lila) and (Ulb) are abbreviate! as A and B shown 
-t (he bottom of Figure 4-22. The C-3 centre b thus achiral, two of the ligands, 
R.R in Lila and 5',5 in LUb being identical, ami no configurational aisignmem (/f 
aaJ 5> can be given to C-3. Moreover, C-3 is also non-stefcogcnic; the interchange 
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of H and OH at ill is centre followed by 180° rotation keeps the iwo structures 
(Llla.b* unchanged-* i,c., [±VTq ml remains M l and f-Hnrm remains (-). 
Sn fur there is no conflict with the ooiK-cpls of dnssical slcrcimlicmtsiry. lie 
molecules fLIfa.b) contain two mure chiral ccnint 1 ! (C-2 and CVJ) wliicli make 
Thera chiral is a whole (no reflection syinmtuy] and ate simitar to the two 
enantiomers of tartaric acid if one ignores the achiral C-3 grouping. Appointed nut by 
Brewster (19SG), this shows ‘Chat chirality docs noi reside in stercngens and that n 

is the chiral sense of the whole molecule that matters', 

Recently, Mislow and Siegel (I9K4) have suggested that stereogen icily and 
chiroiopicity arc two distinct characters of nn asymmetric atom which happen to 
overlap and are most closely associated in organic stereochemistry. Sicreogenicily 
is dependent on disposition of bonds but chiiotopidiy is quite independent or it 
and is determined only by local symmetry (Anct and Mislow 1983) A ehirotopic 
alom is one which resides in a chiral environment. Thus all the five atoms in 
bmiirnchlorofluorom ethane (CH FCIHr) arc chi miupic although only I he C ulom is 
flilcrcogcn. Judged from local Rymmtfiy, C-3 in 1 Jf.lji is chlmlopie ton it « nnn- 
stcreogcnic, i.c.. in this case, the two properties of a regular asymmetric tetrahedral 
scnlie are delinked Since R and 5 relate to sicreogenidty and not to dmoiopicity. 
ill esc descriptors arc not applicable here. 

The ease of the two meso forms (LHl) and (LtV) is more complex According 
to common definition,'C-3 in both is chiral (see the abbreviated structures C and 
D) The centre is also sterccgcnic: interchange of ligands generates diaslcreomen 
(actually converts one into the other). Judged Tram local symmetry, however, C-3 
is aebiro topic (presence of a o plane). The situation here is just the opposite to that 

•Tbit mi ibo lx ska in the ibbimiflJ mucinr* : Metunfe of * pair rf lipands it Cj either m A 
pr ra D restores iha ongirijl titnxuut (a topomeri-atkifl pmMS&fc. 
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^Te^m«?«fr> r Th COmf J ot,ntls (Chipirr JI), there is yet inoUicr foclor which 

d J«n o th i number of «m>men: certain diatom erc cannm form 

d to Jicnc reason. Thus camphor fLXIl) figure 4.251 fn w hich C* I and C-4 a™ 
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Stereoisomerism and Centre of Chirality 69 

Really, a completely different type of .stereoisomerism is exhibited by bridged 
compounds in which the two bridgehead atoms are joined through three large 
35 shown for hicvclof8.8.R]hex.ieosan (Tor nomenclature. see Chapter It). 
The compound can exist in three diastcrcnmcric forms (LXV). (LXVI). and 
L.W1I) (Figure 4.261. In the isomers, the two bridgehead It's art both ‘in’ (LXV), 



in-in 







tLXVI) 
out-out 



fuxvm 

tiUl-fri 


Figure 4.26 'Out-in'isomerism 

beta 'out' (LXVI). or one ‘in* and the other 'out* (LXVJI). This type of 
iisrrcisonicfisin is called ‘out-in* isomerism (Park and Simmons 1972). Here also, 
r,i re open icily of the two bridgehead atom*; (which are achirotopic) is int-er- 
izied and together they form u sic retain lie dyad. Depending on the nature of the 
"is, the two bridgehead atoms may be chiral and so may lead to eiuntiortierism. 


4.7 Summary 

1. When four different achiral ligands ore bonded to a central atom, making a 
■er_Iir tetrahedral arrangement, a five-centre chiral simplex is produced which 
hfiCEgs; to C\ point group and exhibits enaniionieriscn. The central atom is called a 
dural centre. Exchange of a pair of groups reverses the chiral sense of the centre 
gives new stereoisomer: an enantiomer if there is no other chiral centre and a 
ili^ereomer ir there is a second chiral centre, Chirotopicity and stereogen icily are 
distinct aspects of an asymmetric centre: the former is defined by its local 
sjrametry and the latter by disposition of Its bonds. Examples have been given (in 
jtr: sections) showing that a compound can be chirotopic but non-stertogenic; 
i-^nutivcly. a compound can be achirotopic bul stercogenic. In the majority of 
however, these two properties are closely linked together in organic 
'^cryochemistry. 

* — In addition to tetrahedral carbon, various tcincoordinate atoms such as 

r-trogen, silicon, phosphorus, and arsenic may provide tetrahedral chiral centres 
*vji varying degree of configurational stability. Molecules with incoordinate chiral 
isoms such as mvalent nitrogen, phosphorus, and sulphur arc also well known. A 
-c=c pair of electrons on the alom serves as the fourth substituent. Raccmhation 
car, occur through inversion nt the chiral centre which is relatively easy for the first 
r:* of elements bul is increasingly dilflculi for elements in the second and third 
rows of the periodic tabic v 

3. A chiral compound can be recognised only by establishing ft diistcreomeric 
^lirionship with another chiral substrate or environment. The usual method is to 
determine the optical rotation, in observable property of a chiral compound, by i 
perimeter. The plane-polarised light being constituted of two oppositely circularly 
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70 Stereochemistry 

polarised components serves is a chiral environment which interacts differently 
with ilir two enjimfoTTiers. Optical rotation of a compound is usually expressed ns 
specific zntaiion [a] or mnleculor rotation [Af] and can be determined with high 
precision. 

-I. Two systems of conllgurational nomenclature, one due lo Fischer-RosanolT 
us in ft 0 and I. descriptors n rid the other line to Cnhn-Ingold-IVelng {CIP) using R 
and descriptors haw been discussed. Hie former lias tile advantage orsysienuti- 
cally correlating certain types of natural products (c.g-, sugars and amino acids) but 
is, of link use elsewhere and is ambiguous. The CIP system is based on the threc- 
dimLiii.siuifcil models of molecules and is scir-consisk’iit and unambiguous The four 
ligands at a chiral centre are first arranged in a priority order following the 
sequence rule (defined by a number of standard tubrulcs). The molecule h then 
viewed from the side remote from the lowest priority ligand and if the remaining 
three ligands (seen according to their priority order) appear in a clockwise 
direction, the configuration is R and if they appear in an anticlockwise direction, 
the configuration is £ (the chirality rule), A few empirical and mnemonic methods 
have been devised which enable one lo assign RS descriptors to a chiral centre 
without going through the complexity of the CIP procedure, The nomenclature of 
certain djastrfenmeric cyclane derivatives which cannot be readily expressed in 

terms of R and S has been discussed. 

* 

5. Fur olefinic dhstereumers, an unambiguous system of configurational nomen¬ 
clature is used according to which a diastcreomqr having groups of higher priorities 
on the same side of the double bond is called Z isomer and the other with groups 
of higher priorities on opposite sides is called li isomer, Ruth the systems (RS and 
EZ) can be applied to compounds containing multiple stercogenie units, 

& Achiral models of the types: Caahe. Cnafih, and Ca.i.m may be dcsymmci riser! 
by appropriately bridging pairs of groups w hich eliminates the o planes but retain 
the 4 C„ axis or axes. Such molecules possess central chirality and belong to C, or 
/)„ poml group, CIP iinriicnctalurc wilh siiilnhlc iiindjfiCilliMt is applied lo 
them. 

7, The presence nf twn nr more chiral centres increases llie nmiihcr of 

ilfa>UTComcr> in n predictable manner. Uio stereo mers having iwi» non-eipiivalent 
chiral centres arc important for their extensive use in (he studies of reaction 
median isms and Conformational analysis. Different systems of lUinienchliire lor 
their relative stereochemistry arc known of which a few important ones such as 
eryihm-threo, tikc-unlikc, pref-parf, and syn-anli have been discussed including a # 
latest one by Hrcwstcr. " 

8 . Cyclic compounds with multiple chiral centres, equivalent or non-equivalent 
usually have lesser number of stereoisomers due to (i) increased symmetry of a 
cyclic structure vis-a-vis its acyclic counterpart and (ii) the absence of certain 
diasicreomcrs ns a result of stcric constraint. Certain cyclic molecules have the 
centre of chirality located not on any atom but in the unoccupied space inside the 
molecule. A new type of stereoisomerism known ns ‘out-in* isomerism in certain 
bicycle compounds containing large rings is illustrated. 
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Chapter 5 


Stereoisomerism : Axial Chirality, 
I'lanur Chirality, and I felicity 


5*1 Introduction 

"*■* compctindj becad,^ 

Mercogenic onitx. “" ,res > »«'"* « 

kliavc sMsrcujjiaric units accordW i, n? ^ Jl "‘ l P 1 ""** * 

alines, alkylidenccycloalkancs, s J ra £ ^ma ^' ******* Mibuituitd 

cydophancs, and their analogues do noi mma .- m Sh f ™w-cycloa]kcntt, 

exhibit stereoisomerism which is aiiributcd in rh " ^ rarnwl chir al ocime brn 

fnm five case,) or a chiral p an f n nl J" ?* r prc ' cncc * **« ■ third axis 
stereocemre, a chira , ^ Ju ^ as ■ chin! centre is allied p 

stcrcopiane rcspcciivdy to emphasise the “ h"* “ S ' €fCOlti5 anJ a 

elements.* LqjHy, a mo]ccu]e m J h C hiS? cha,nc,cr of *h™ chiral 
mhcrent chirality hein e ^ ^ ^ 3 Wr * P 0 "™** « 

-0,1,cr elemea, -f dfa»y te*££ u^Sl^S? ™* in ‘ rD<i,, “ s 

5,2 Principle * ofa «al and planar chirality 

=cd,on. a very yarfan of the (lm ^ >" H 

5il Elongated tetrahedron approach | 

^ f T ***"—■• Venice* 

of .he SM)upitls as .ten?nV.'nnd i';,^V.’t^Tb^o‘JhC^C 

te. *, w^, n „ r 
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m elongated tetrahedron (D lt point croup with 30 axes and 2a 
jymaeW than a insular tetrahedron (TO and the condition for iB desynimelnal on 
StaML W of all the four vertices being dBOnguBhable. 
vertices around the two ends of the axis need to be distinguished (t.e, a v- b). The 
structure (II) thus becomes thrce-dimensionalljr chiral and is enartiomorphous v, it 
its mirror image (II'). The mis along which Hie ictrahedron is elongated (shown by 
tic dotted lints) is called (Iw chiral axis or the stcrcoams (exchange or ligands at 
either Of the terminal atoms across the axis reveiscs the chirality)*. Actually, the 
elongated tetrahedron II (G) is a deswmetrised tetrahedron of lype CaaOS (O.J. 



Figure 5.1 Elongated pyramid and chiral axis. 


52.2 Approach based nn Iwft-dimominnnl chiral simplex 

Some aspects of stereochemistry can be conveniently explained tin the basis of 
twondimcniiiniiat chiral simple*. An cituNaterni biangle wilh three distinguishable 
vertices is a two-dimensional chiral simple*, i.e„ chiral in two dimensions. In the 
molecular level, a substituted trigonal incoordinate carbon (ns MI) (Figure 5,2) 
represents a (wo-dimensionnl’chinil simple* (the double bond may be ignored), 
* Two such groupings can combine together cither to give fr) n composite molecule 

i, in which the two planes are brought to coincide (planar combination) or to give 

ft (a) a composite molecule in which the two planes are perpendicular to each other 

R (non-ptonar combi nation). The planar combination affords two diastereomers, eg., 

i as (IV) and trans (V) whereas the non : planar combination affords a three* 

( dimensionally chiral structure (VI) which exists, in two enantiomorphic forms 

‘ similar lo structures II and IT. The allenc (ID with the two terminal planes at right 

angle to each other thus has a chiral axis (along C = C = C) which is stereogemc. 
The biphenyl derivative (Vfl) in which the two substituted phenyl groups (a ^ b) 
are 0011 -planar due to steric reason provides another example, the pivotal bond 
coinciding wilh the chiral axis. 


'According Ip Biewiier (Ctinpier 4), the itercogemdly rests on both C-1 And C-3 inlcidrpcndcntly, 
ifttApUl 10 lest PDF Comtjihp ff flflrcgcmc because CO is and vice ttfia. Together they form a sicrcogrnic dytd. 
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FTgore 5.3 Orbital peture of an nllericaiHl its projection formula 


53,1 Optically active idfcnes 


ITte first optically active n fiend wns prepred hy Maitland and Mills fJ93^J sixty 
wan after vrni'i Hurt's pmliciiun. The jvnMrtn «sT natf'iiimi whs avoided hy 

irnthoisinfi the nUenc ilimiij-li asymmetric Irnnsformnlirui. l3-Oiphcnyl-r.3-di- 
*-nanhthyl-2-propcit-l-M (XU t Figure S.4a) was dehydrated with f + K f-K 
i=d (±>- camphor-] 0-s li I phonic acid respectively. With (±)-iiiJphonic aetd, the 
‘^ ac (XII) was obtained as a racemic mixture white with (+V Of C V 
stf.dtomaK iWraut ^ ^ pttponitttiHice [~l%) d <+> 

or (-V enantiomer (see Landor 19B2T Tbc putt enantiomer in the last two eases 
could be crystallised oul from the mixture and had a specific rotation, (a]^ 

437-438°. _ ■ ■ 

Subsequently. Ihe allemc arid (XIII) (Figure 5.(h) was resolved Ibrough brucine 

salt- (-)-Glutidic acid (XIV) and tile antibiotic mycomycin (XV) •* '*»“ 
Maniples of optically active allenes which occur rn nature * ^ ' 

Newman type projection formulae of the structures X, XII. and XIV (Only one 
enantiomer of each) are shown to be used for configurational nomenclature. 

5.3J Configurational nomenclature 

For the assignment of configurational decora JOPJJg 
aaially cbrral molecules, the Wwdard subif^JrUy over Ihe far groups before 
first. Til** means that (he near gro P- 6 . Ibc . IG j eC (ioii formula or the 

the other submits arc applied. a p v - • j0 ^ numbered I and 2 

allene (Xa). the horiaontally placed (£■>."<>> 3 ' and 4 respectively. The 

and ihe vertically placed (rear) a 1 and b be wf ,i ch this case is S. It 

sequence 1 - 2 - 3 gives the configmaumi^dcsc P ^ „ 

C-« not matter from which end the molecule s (hori;onu| m vcrua J). Thu B 
fa advisable 10 put the r “ nl 6' 0up ‘ d (X , V J bo.h of which have R configuration. 

•?£i tsSSSUSSS .——'■ “ r— 

to enantiomers. 

5.4 Stereo client istry ofspirnnes and anal “B““ bJ wbcn appr6 - 

. .ii nnrl rt fTn fP-1 J 1 1 ^ ncS ^ ' .« a tf,.. I.YliNlrfVV- 
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Figure 5.5 Altytidnenrtalkinaaiid ojfno 
(b) Spinnrs 














) 


7H StrfcochrttiLtfry 

dosilkuncs (sometimes called hemispitano) are compounds in which one of the 
double bond* of allenc is replaced by a ring, such as XVI (Figure 5,5a) while in 
spiranes, such as XVIfJ (Figure 5,5b) boih (lie double bonds in atlcne are replaced 
by rings. The net result is the same, namely* the two terminal methylene planes arc 
perpendicular to each ocher as in alleges and if pain of gcminal substituents (a, b) arc 
non-equivalent (a v* b). the compounds would exhibit enamiomerism, The rings 
are assumed to have rigid planar structure although in reality they may exist in 
different con formal ions. The ad ainan tunes (c.g,. XXIV) (Figure 5,7) arc highly 
rigid molecules and the diametrically opposite methylene planes are perpendicular 
to each oilier sq that axial chirality would develop similar to lhai in allenes with 
proper substitution. 

5.4.1 Optically active alkytidenc cycloalkanes (hcraupiruiei) 

4-Mdthylcyclohcxylidcncacctic add (XVI)* is ihe first molecule without any 
asymmetric carbon to he resolved (Pope cl al 1VI1 4 )}, Sutiscq Lien Ely. a number of 
cyclic oximes* wmieirbazivics, and rhenylhytfm rones (XVII. H = Oil* NIICONI!,. 

nnd NUFh) have been resolved. The rufififiinUinnnl .stability cif these in.>■ 

compounds fas XVIJ) is, however* low and Ihcv tnermi^ on stjimliug. The 
configurational labels are given by following the same procedure as in allcnc*. 
Thus the molecules (only one enantiomer of each) arc projected ps shown and 
both XVI and XVII turn out to have R configuration. The molecules belong lo 
point group Ci. 


5.4.2 Optically active spirants 


Spiro[3 r 3]hcpiai»e-2 l 6-dicarbo)(ylic acid fXVIIT)t is an example of an axially 
chiral spimne, one of the firs! ol its kind investigated. The configurational symbol 
^ is given to this particular structure from the projection formula as shown. 
Another interesting example is 4-cirbclhoxy-4'-'phtnyl-l, r-spiro-t/xpipcritlinium 
bromide (XIX) shown in R configuration. The (jtttlerniiy nitrogen acts as a 
tetrahedral centre. The compounds (XVIII) and (XIX) belong lo point group C? 
and Q respectively. 

It may appear that these compounds (bcmispiranes and spirants) contain one or 
two chiral centres, for example, 02 and C-6 of the spirodicarboxylic add (XVllI). 


*li is "fflih nclijiB Ibjt ■ rotilion (torsion) of ISO* Around Ihe double bend to the bcRiu^ine f 
™ >tril i[ 'M* il* etwnb'omcr (which who applies lo aUtnes). So lhi» lype of ttuntiomerh#!^^ 
»me[iiticj referred t0 a* enantioiwrittn fEUrl mi. p, y m |„ comrast. clhvlener 

tC= C) or cumulcra (C= C” C = C> with odd niifnbrr of r bonds, on similar tunWitvB 

tUfUlcEComEfti feu [my liOiftm). 

tSpara bjtirtxsfhoQi ut named by prefixing the name of l-he acidic bjdWrboD cnnltlnijig the sacw 
loiil number of oirtca jIojiu with jpfro irul InErrpasiDf an cjcprratpa. villain uiiun broket, 
dtnOiang iht number oF Atoms (olhtf Ilian the spiio ilfi-m} in each ringi Numbering aljrLi ii ■ ring 
carEhM Etc tax of two unequal ringi, ihe smaller ring ii numbered linl) adjacent io the spiro Ham 
■■id proceeds i round one ring* through ihe ipira ilom, mJ ihcncc i round the other line MUPAC 
AuJk Rule A-4L 1957), 





Scanned by CamScanner 










* 

Srervoisomerttm : Axial Chirality, Planar Chirality, and HcHrity 79 

Their chirality, however cannot be specified since during sequencing, branches of 
equal priority meet before llicir priority is ijderniiiicd. On the other hand, in 
spirants such as XX (Figure 5-6), the central atom (C-5) common to both the 
rings is truly a chiral centre (a case «r desvrnmclri.vitEon of tetrahedral Caabb by 
bridging unlike lij^iniN) and con fig urn [ion a I symbols cun be given to them 
following Hie sequence rule as applied to compounds with central chirality, see For 
example, 5,5'-3piro-Zr/.vliydanloin (Chapter 4). Hie (our ligands attached fo C-5 of 
spiro(4,4]nonanc-l t (klfone (XX) should be sequenced as C-1>C-6>C-4>C-9 
which selUcs Ihc configuration as R. When a molecule exhibits both central and 
axial chirality, Ihe former has precedence for configure tfcmil nomenclature. 



ft lff.9 RfiS l£5*,C5 \R,$R t *R 

fKXll (XXII] (KXrilf 


Figure 5.6 Spirancs wilh more than one chiral elements 


In addition to central or axial chirality, a s pi rune may contain one or more 
Chiral centres at the rings in which cm diastercooicn would occur. Thus when the 
dionc (XX) is reduced, throe diastrreo meric diols (XXI)—(XXtIX) result each of 
which is chiral and resolvable (Cerheh 1968), The three enantiomers shown are 
labeled as lfl.5/?,6S (XX[), iSjSRfiS IXXII), and \R.5RjSR (XXTIT)- Reference 
has been made in Chapter 2 lo another spirooompound, 3,43',4/-tetiameibylspiro 
[1,1’Jdipyrrolidi ilium p-tolueoesulphonate (p, 19) which contains five chiral 
atoms in pit (counting the spiro N atom) four of which are equivalent. The 
molecule exists in four (Haste Homeric forms; three are chiral (resolvable) while the 
fourth is meso due to the presence of an S* axis (McCasbnd and Proskow 1956), 

5,4.3 Optically active sdamantoids 



<* 

1 


Adamanix nc-2,6-d ion rboxy lie acid (XXIV) (Figure 5.7} satisfies the condition of 
axial chirality (C-2 and C-6 methylenes arc no,vplanar and dissymmetrically 



Figure 3.7 OpfifiNy iciivc iduiuiflUrK 
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sub^iUHcJ) und ciuts in two enantiomeric farms. The one (XXIV) xlmwn lim S 
coringunboa, Jn adamanloids, Ihe imaginary chiral at is through the two 

substituted icrinmal carbon atoms and ihe geometrical centre of ifac ring system 

™“ can also be a chiral centre If tbe bridgehead atoms bear appropriate 
substituents (sec Chapter 4). w ^ 

5,4,4 Optically active catenaries 

A catenane with two for mote) dissimilar rings interlinked with cndi other may 
give nsc to chirality due to secondary structure*, ][ ihe two rings arc held with 
their planes peipcndicular to each other as in XXV {Figure 5.8), a eatenane may 
correspond to the structure (II) with respect to the arrangement of four dis¬ 
tinguishable groups in Ihe chains. Like other axially chiral molecules, conSeurntional 

nomcnclilure may be given front similar projection formula. Thus the particular 
enantiomer (XXV) has R configuration. 


/ 

(CH-> 


Nhk 

Vnh^ 

Q ti 


C 

11 i 

O 1 

(XXV) 


S' 

lCH 2 Jn 


MH 



C=0 


Ft B M«5.g Opiio.il/wiivcciTcrMncii 
5.5 Biphenyl derivatives and strop iso men.sm 

E-^ 5 £SMKa=saafae 

rssas,SsSSSSSr- 5 - 1 ® 8 * 

° ox F n 

such groups would lead to two (ci/unit r«~t h- P “ntamwn of (wo 
(XXVIII) belonging to point aoitc ‘‘“‘Micon.nrs (XXVII) and 

combination, on the other hnn^ ^ ^ rc^pcctivdy, A □ on-pUna r pP 

fXXfXbVorr th. hand, would give two enantiomers (XXlXa) and 

ssstassiteSSSsSs 

e»o.ple EC , 1 * ***, tom(n(H1 
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Figure 5.9 Principle of optically active biplirnyts 

Eroups lhc 0rtho positions so that the planar conformations 

±- ^n F U ? rnT* An apprwtima,c profile diagram- is 

—* rinTf FjSUtlC 510 f ° r a 36(r <0] rotJ[l011 flrountl lh c pivotal bond. Since 
--♦-nng resonance is mm,mum at 90°, the true situation may be ihal of a double 

™™. When r ^ af0und »* and 27 <P as shown S0 that the pruned 
^^noauonsof the enantiomers are those in which the two phenyl phnes ait 
177^0innately but not exactly perpendicular to each other. 

Jim 1 * n ° ,ed th V ,he tW0 diastcreomcric P Ianar conformations (XX VU) and 

^ SidlE L r Cr£y “■ ‘ he onc wfth 5imiIar ™ the U 

^ ^“' d) -5f D g ^cr energy <ha " the other with similar groups on opposite 
^ ftransoid). Racemisatbn, therefore, takes place with gtc^Z I^Mhe 
r^idI configuration. The bulkier tbe ortho substituents are, the higheA !h c 
”" ba . mer separating the enantiomers and when it exceeds 80-100 kJ mol' J 
-^reoisomen may be separable at room temperature. This type of isomerism 
IZ'T o*es ,is existence to restricted rotation around a single bond is known as 

**Y ■« actually torsional 

Ire characteristic of atropisomers is that they cannot be represented bv anv 
/ ^ n ”! 1 ° C g "■ ^XVIII as in the case of aliencs. spirancs, and centrally chiral 

.Meh rafna^ rottTr^^f!? de . pS, ! <ls on lhc bulks of °nko subaminiB 
- -n restrict the rotation about the single bond. Thus even i it & &' i* rnFI k 

' X * . . . h '" ul '.. (XXXI) with only 


fc ‘XT™"" 1 Xnr -to* i» 

«q 1* Inrc.-ring onho^rB^™(rM^''iZ ™°T “k f* of n ” i,: 

.-± Ed, oft,, (d< !„ , 0 *• » B rh * M d“>wi H>t IW. rinja .1 a B „ e i e 


h nnC rnmhirtft JMllLr 
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E 


G 



n^ure S. 10 Encrpy profile diagram of biphenyls 

IWO ertho sii'bstJlucnts. h rcmlvaMc bccanw nf much higher hulk or SO,|| 
(Figure 5J1). 




Fl«ure 5.11 A Mfl-rcwhuWc tcui^-sutetituicd and a rtnhnhlc diktatiMed bipbenj 

Jo addition to physical proofs such as X-ray diiTr&rion, dipole momcn 
measurement electronic spectroscopy (UV), NMR etc., direct chemical cvidcnc 
or the non-planar configuration of the optically active biphenyls is provided b 

fxxxiriwl ^ 7*. 00nlpouj,d < XXXJ| ) as w dl ^ thc P compour.; 
Jxyxtvi ‘ Flg i^l u 3 | dCnVCd fr0m ** are *<x>'*M* But the eompoum 

L«u« tte^nn 1 ^ dM° r ?° arcioiBtd b > i> lanar « non-rcXabl 

, ^on-bonded interaction has been convened into a bonded one, 

TTic stereochemistry of the biphenyls has a long history which slaved wit 

certain wrong assumptions and erroneous experimental data (see Gilman L943 
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S3 


ch 3 m z 

achn 

co 2 h 

NH-/ 

0 "a) 

fL 



nh 2 CHj 

ho 2 c 

NHAc 

C-HH 

rxxxin 

(Xxxirij 

0 

iXXXlVJ 


Flpu, Ml Disapponoct ofMropisoiMrbra by larmai™ of™, Um^b onbopm,**, 

r^r sm; rss 

5.5.1 Optknlfy active biphenyl derivatives 

jSS 

(0.139X2 =0 27B n«J .« t. V “ n " nm,e * ■*"<* the value Of j U radius 

and so she com^nd xxxi M. -"r" f< ’ , «'"■■’Pi** < » °2*) nm> 

n Ms «hTi f * (XXXV1 ‘ n - « "01 resolvable-, ir ft is method fradius 

StSS=sssssazasSB 

ssr^: 

or J f h ™ J Wnrormcn lo stl t>lc configurational isonien;. The order 

bJ £*“ * roU| “ ■«-" >° be Br>Me>a> 
wm d« w i i? F f hlCh rOUghIy corresponds lo I lie order of lilt reactive 

0f i " ftms . “ J ,n ,h ” ««*«. i. is i„ ( S ; o 

.■ r 13 e °f ra cemisulion or Ihc deuteroird compound (XXXVIII) is 111 

limes as fasi as that of the undetilented one fXXXVII)^a h c r irrnwn ie 

SS*2.7 T Cff “‘- ™ s deuterium >,u* st U, W1 r wJ 

“J? £?, *f ? cnof i*l°»er appoint vibmlioual frequent 

^fj^maassair—***• 

Biphenyl urapisomcrs w,d> only ,wo bulky ortho subsftucnB am also well 

h 


■There u mmc buirreu 


mg eHeer due Co Ihc adjiccnl CO)ll f 
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WOj 


■NO- 


IXXXVI 


COgjH 

S 





HO^C 



OH OH OH 
(XXXIX) 


Fleiirc 5.13 Bipknjl Jiropisomcn With «iTyin E dtpree ofcnnliaiiniiionnl smbRity. 

^ (FiEUIC 514) P IC P lrcd f ™ optically active 
e^-drt-butjlbiptoyl-l.l -dicarboxj lic add bv decarboxylation gives highly stable 

enantiomers. Tlvc previously mentioned bip]icny|.2,I -<ILsulplionic acid (XXXI) 
although resolvable racemises on heating. Even a single bulky group like triinc- 
mylarsonium icm m compound (XL!) can give rise id airopbomerism, The (+> 
camp orsulphonate of XLl shows mularoutfon indicating that a first eTder 
Mymmcinc transformation (sec Chapter 7) takes place in solution. The enantiomer 
( ALI) has the R configuration as shown. The 2-H adjacent to 3-Br precedes 6-H. 

Gu H 




H 



HI Or) 


At 

R 


I*igiire 5.14 Optically active di* anil niouCHSuhstiiutcd biphenyls 

In addition lo the bulk of die ortho substituents, the nature nnd position of oilier 
25™"® lhe nn£5 oflen n ,a y Sc >™ rotc determining the configurational 
^ a ? ? C nlf0p, ^ mCM - Thc erfcct ma * •* Attributed in ihrcc decent factors- 
10 A bulky group ndjacenl in un orllm MihMitiiciii eicrLi n hulircMmu effect Tliiw 
ihc rate °f rneemisahon of the 3'-ni ire-derivative IXLI]) in much lower iLmr Hum 

l ln« , ^ Cf :r U ^ 1 (XUtt) fFiliUrC 5151 Thfl hullrc^ng effect, or some of 
^ roll ? w, "» W»«r. NO|>Br>Q>Mc which docs not caactly 
OOrrespond to the order of slcnc hindrance or Ihcse groups, 00 A group at Ihe 4-or 

4 -positions (specially a nitre group) retards the ncemualioti. This effect has been 
attributed to a change in the entropy of activation (Brooks ct nt 19571 (i7i) Finally 
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ibal tbc pivotal bond assume more douhfeh^f £** m ' crllmu ^ ! f«onance so 
energy is lowered. However this effectfil^n cl ” rae,crllnd lhe Ira notion sate 
Nasipuri el al 1977 ). ' # fou " d 10 be V «J small (Oki cl nl 1971, 
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NO* 


M«0 





co 2 h 


FlBun. 5.15 Sennudnt effeet on etmKgOTtioml lability „r biphenyl, 
5.5.2 Bridged btplicnyK 
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^ k piinar and *« ^ 

*n»JmS JL"™ rfU n S?S?,“ m 1Jlc „„„.pi llnilr 

(Rtu^S.U): o.l^ivolhcv db £ ,T",/ m '', y “ "' ' 1,1 ‘ '’^"',1 XXXVII, 
2. lire hndtcJ biphenyls give almpisomcrs i'rr^i^fhcT,',™ 
on ho sub&tjiiicms In [hesc casc^L ihr n,, r , n i ^ ■ C ™. c L [llc 0,lir ' (w <> 
of the rings Which in planar configure, ion L'fftrfmm 

bridged biphenyls faSmfcc S rdeti™ ™ T , < XLV ^XLiH). The* 
* Ke^ enyl! b0 ' i ' pai,S ofon *° !«*-■ bridged have 

5^5.3 ConfiguraiionafnoinencblureofbiphcnyJs 

S!i!,.STT m ‘, 0f . “ nfI *»«<''oni[ descriptors Mi end 5) i 0 2,2'6 6'.,cirr,- su b- 

tssL r;t: o r:t7' w,y - ^ -«& x;,« 

.nd projection formulae .« den as 

b^^=ssstjmss« 

sTlhT' h^« 0 ( ^niVh n ( 1 ^ n0W l00b 31 i( ‘he insjlie OU, 

cliiraiiiv fwc also Bill TotmT*^ ^ ?" C0,1 “ n!Mlce wilb 'hose of central 
hir rhr* i'. ' ^ ° nuur| i[anLty, (he piiliniy nrdrr is no Inncer fined 

,[ d enK r^ e bUt by lhc four ■"*='*>«. 11 ™ 

Com piemen I.T ion for ciuadnhgancy f which mtfiults He *iHuimrnKl ] rt ,|*. 

" r' Kd * y4,c . m : clte m(llccu,c when viewed imjn ink, m j j cn js h( wirht . 

hccomT 10 " I r ripr ° r f * nr n,c Ji frcrc,uc hi .he two pn-crHiro JZl f 

becomes manliest when He nngri ate AulwtHnod at C-3 nr 1-5 or ;>| hoih m 

^ ro !| owmg two cimmpScs will clarify the situation . 

He lefi ho A * \ ^ R ®U rt , 5, ^ ^cording to the new jjstem when viewed from 
the lefi hand side along He I —V bond gives the projection [A) and when viewed 


* wbKinunt 31 03 lor OS], the oU cpm adi™ to ifc f 
.«|»r,»r |“h'm USsI! ,h "“ ^ lM*nrrrh«*) lire 

tThi» man fives diiml liter a mininwin riTeaiw langc. 
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iCl.fi 


ml,;; 



f C1 o o o 


icj—cr M 

i s 

c 


C^-OMl 


m 


, ' l * !,iri ' ® ,t7 * '<nilhpmm|mhjkl n^igMmii iii hi N|lhr«tvK irmlih'd syfclem) 

T“ the right hand side along il k 1'— ] bond gives the projection (B). Both the 
' ..-rettons conform to A' configuration. It does not mailer which end is taken as 
re -ear end, provided that the choice, once made, is adhered to (OP 1966). 
* rdin * w lhc older system, Ulc molecule (L) is to be viewed from (he side of 
substituted ririjj] A only and 3-H and 3-OMe ore the fiducial groups. The 
7^ r::fd structure* is C which corresponds lo /?, 

- r :!]1f nhove example, the Ortho carbon atoms ait sequenced solely by the 
j -■".tuents attached Ur litem. Actually they should be properly complemented to 
4 *=jdriligancy by atoms directly attached to them and by duplicalc representation 
ihe double bonds before being sequenced As an example, ihe C-2 atom tn I. 
irrr proper complementation would appear as E (ihe exploration may be 
eoatinued if necessary). The structure (L) is thus projected as D which shorn the 
rnho carbon atoms m correct priority order (C-2 > C-6 because O > C and 
C > O' because N > C) indicat mg 5 configuration. For most molecules like ihe 
one, it does not matter whether the sequencing is done by the substituents 
v or by the properly complemented ortho carbon atoms (ihe result is the 
i.T.e|. Bui when C-2 and C-6 In s ring art attached to identical atoms and CO 
irz (or) C-5 are also substituted as in U (Figure 5,18), ambiguity arises and lhc 
p™ ft y «der of the ortho carbon atoms has to be determined through exploration 
WMnd the ring or side chain. Thus in LI, C-6 with a Me group gets precedence 
r: Wlh * methyiol fCH-OH) group (in contravention to 1956 convention) 

re^suM 1 an exploration from C-6 around the ring (along the route providing 
5 r.esT precedence) leads to ihe phenolic hydroxyl group whereas similar cxplura- 


* Tbc ami procedure w; be Milnpttd far prcijtriipft if rlie chiral tut li nrliully placed (iee Piel 
10 (ivc identical njulll. The altr unlive nclliud □( coi:;irueUii|j mu dtinpial Klnbhlma 
-'t'ilinfi ir min I'lKhcr pTfijeclion Ini llirn tiKjpinj Cailijiurjilittn it mmlxtvw< 


iifuv hniti 
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lion from C-2 along the side chain lends lo a primary hydroxyl group fscc the 

P'°J«* on F J°[ « TT?= aruclure (LI) eonforj lo R j,2io7ta 
whichever side the molecule is viewed. 



le«c,oic a ,— 


c 6 (c^oh p c,m*i 

ic»c,h| 

I -C 


Cafc?-on p c^-Mo a .CJ 
m * 

(F| <ff 

Fipurc 5. IH rnnripurnunrjkl .wij>nmrnl in rcIvMihciiiiiif'l liiplioiivh 

i n!' e T' 2 .'l’ n ! le - C ? bipl,Cnyls «n be similarly treated as illusl ruled in Pi»inc5.I6 
n Ihc doubly bridged Mienyl (XI .IX). nil Ihe four onhn r.irh,,,,, ., re „| U j,„|eM 
" orderlo^ncn,heuraiio,,. ,„ lc lir „ Kin „ „, t „„„ tnil > K ^ 

umber 1. the second near group is given number 2. and one of ihe far end 
Broujw exploration from which around the ring lea* m number \ is taken as 

(XLIxi ami Ihe rra' 'l'' ^f 1 " ‘"I’"'; a,f K 1"‘ nt « l «* ‘lrP»«l .0 I lie structure 
IAJ-IAJ and the projection form ml a shows Ji umngur.iijuiL 

5^,4 Alroplsomerism in compounds other lhan biphenyls 

7» K ^L tyP “ ° f m ° ,ccules ° ,l,tr ,l “" biphenyls which show alropiso 
mensm. In all of (hem, two-dimensional chiral anils am linked lege I l.er ihroueh a 
pisotal bond, rolalion around which is hindered due lo sleric faclors. The atoms 

joined by ihe pivotal bond are usually sp' hybridised. They can be classified under 
ilie following headings; 

(0 One or both of the phenyl groups are replaced hy olher aromatic or 
Itclcrnnromjilie mgs. Thus appropriately sutatilulcd N-pheny]pyrrole (I,NX N.N** 

S*™ ll ‘ bina P^% 1 W, and SXbipyridyl <LV) (Figure 5.19) are 
resolvable. The configurational nomenclature or the last-named compound (only 
one enantiomer is shown) Es illustrated with the projecitd formula. 

m The two phenyl groups in biphenyls are. interposed by a phenylcne Hoc 

olTbo’nl'so*"1.S'' nV1 ° V “ “ d raS,fiC " d roUlio " ™y “ rise *™‘"d '™ 

rones' b T^ d ! h h ,' ,wo tcrminil1 P be ">l S™>(« *« coasial as well as 
“rrwponds lo a planar combmaiion of two twtKiimeiisioiul chiral 
nmtt and both diaaertomensm and tnantionierisx may result. Thus the remhenrl 

“7 ,LV, [« F ®r S - 20) in Which a " U " ««b<> Position, aJe sSuSd 

r: n rv ch,rd d, T ere ° men * ***& ° rt be conveniently described « cis and 
tians with rcfticwe to ihe two bromine atoms. Both the ds and irans iso men have 

a C t axis; the cts has two <J planes aid the bans one phne; ihe trans* in 


IS 7>: ^ rhtbyl P r<1,l P ch.nl 

•Jitf the pen IT. pnvidc cdA^-h utnc hindrance in http ihe rings uan-pl j par, 1 
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C P 2»? H 3 COgH 

QrO 

ch 3 h 
(LID 




c 6 ic,c,ci 

C 6 H 5 -(C,C,CJC 6 '--C 2 i,fC p N t N» 

C 2 fC,N p Nl 
R 

Impure 5,19 AiropisomcriNm in biphenyl nnalopucs 



CH- 


Cg 



CH- 



CH, 


(LVil) 

Fipure 5.20 Stereoisomerism in tcrphcnyl derivatives 

ssississii-SMV" -s s“ 

is q 0 plane. The cis isomer (Ci) is resolvable but the tsans “""hm £bu 
-- ire of symmetry and is a meso compound. The molecule (LVO) thus behaves as 

if it has two equivalent elements of chirality like taitanc acaa, _ 

, ^ _r .i_vmn< ;< i-pnlnccd bv an acyclic ert 
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t 

* 


created around ihc pivotal bond. Thus the substituted slilbcnc (LVJU) (Figure 
5.21) is capable or resolution. The substiluLed naplilhy famine (LIX) provides 
another example in which the peri nitro croup prevent! the luholtucnU at 
nitrogen" to crow the plane of the naphthalene nng. Assignment or tonfigurational 
symbol! is made following the usual procedure which is illustrated for enantiomer 
(L1X) having £ configuration. 



(LVllll 


.. ._SO ? Pn 

^^CHgCOjjH 

NO z 

tttxi 



c 2 (c.c*ci 


Ph d£ 5—- "■)—■CH^COgH 


C 0 IC,C ,N) 
5 


Figure 5.ZT Acyclic anatfipties ciF frphenyk 


An interesting example is provided by the two oximes of l-acctyl-2'hydro* 
synaph ih ale re-3 -carboxylic acid. The structures (LX) and (LXI) (Figure 522) 
represent the E and Z diastcreomers of the oxime respectively. In the former, 
rotation around the aryl—carbon fas shown) is not sufficiently restricted and the 
compound is not resolvable. Bui in the latter, the hydroxyl group of the oxime in 
the planar con formation interferes sufficiently with (lie substituents of the 

nhcochj 

0H __ f i?:r YS^ 0H 

C 0 £ Et 

ILX) (LX 111 




axn 




die 


ELXIII) 


Figure 522 Afmpisoimcrisffi in nxirors and Beckmann rearrange nirm 

naphthalene moiety (2-Gff and 3-(l)t to permit the separation of ihe t wo (non- 
planar) enantiomers. The configuration (E and Z) of (he two oximes is thus settled 
lilinmbiguomly. The E-bnmer (ns ethyl ester) when Mihmillrd to Itctinurm 
rearrangement furnishes the acetamide (LXI1) while the Z-isomer (as ethyl ester) 


’Arjl N is neatly planar wiih wry low Inurtton harrier 5n4 sn thn it iruly a nf hirvlc-md 
nlirkm. 

t Peri inlorictiofl hojouiiU ft* ilic mujur L^iilpili-miupi. 
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f' Vcs ntiphshamide fLXIII) which jwovei ihnt, in Ikekmarm rcnrran^mcms, 
the sutemwcm anti to tin- leaving pmup fc.g NOH) migrates. 


Almiihuoii'iism iiroiiinl up 1 —vp' ImitHt 

Airopisomcrism so far shown b due to Test fitted rotation around an sp 3 - sp ! single 
It has been pointed out before that rotation about an sp’ -«> single bond is 
ftsioclcd to various extent but ihc energy barrier is usually too law to permit the 
iH^non of any jsitwubr cot) former (folamer). In ihc tripiyccnc type of moIcctilcsL 
However, ihc barwr to rotation around a 9-suhstituicd bond may be quite high 
(^c nlra Chapter 12), Thus the compound fas LXIV) (Figure 5.2J) has been 
Mnthesisecf unit ill ilirw possible conformed isolated The structure (LXIV) 
represcnlfi Jlic mesa isomer fG) while the structures (LXVi) and fl.XVb) represent 
' Vl 0 f[1JIJt,lftrt tere (Ci). They arc fairly stable at room temperature (Oks 1976). 



(LXIV) 



tLXYb) 


(LXVa) 


Hr hit 5.13 ftirpriwmrriMn moliiiiI an ip 1 —ip ! (nind 


5,6 Stereochemistry or molecule with planar chiralrly 

Ibc peomt(ficnl requirement of a molecule having pbiutr chirality has already 

i nI! n r| ,! fh ll5S< fc ; J i IWl " S | " I* ,ally Ch ' ,ffll rm>rccul «t an exchange of n pair of ligands 
around tin Uural kads to an cnjiniinmer, similarly in molecules wiih a chiral 

f.- . . . . (himl "No (which in ha. . is a two- 

,CJuk H ' Nk conligiiraiiunnl stability 

™, imposed by Meric (actor on Hie oM-of^hne movement of i 

^ * ,mt * ni1 " n is involved ns in (lie biphenyl- Such mokculcj 

ii ^ annol he reimutinl by any tj-pc formula since (he isulaiion ol stereo- 
' Cn l f ,cpcnds On the bulk of certain groups and the sire of the ring. This i$ also 

«ST. t^ZZl ind “ by ™ eora| ” u ” di - ***"»* - 


5.6, | A nsji compn und$ 


,f tW0 r^iUons of an aromatic ring arc attached to hcimmtoms and they arc 
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in i urn connected through a poly methylene chain, the com pounds arc called ansa 
compounds (ansa means handle in Latin). The compounds (LXVI)—(LXVUI) 
(Figure 5.241 fall under this category. In all of them, the aromatic ring is 
dissymmetrically substituted (twcHJiiiicnsi anally chiral) and the poly methylene 
chum din be either above or ndcuv the plane of Ihc aromatic Ting giving iwn 
enantiomeric structures. If the poly methylene chain is small enough, it cannot Lie 
swung around the plane (alternatively, the rotation of the ring is hindered) and the 
two enantiomers will be configurationally stable. Thus the compound (LXVI) with 
monosubstituted phenylcnc is resolvable when n is S. rncemiscs easily when n is 9, 
but is non-resolvable when n is 10. The disubstitulcd molecule (LXVII) gives 
stable enantiomers even when n is 10. The dithio-ethcr (LXVIII) is extremely 
stable. 



fLxvJii) 


/? 

ILXVJI) 


j? 

fLXVU 



For the assignment of chirality dcscriphus to this type of compound*, a pilor 
atom has to be selected firal which is directly bonded to jiii atom in (he chiral 
plane but itself is not in the plane. i,e., it is the liist out-of-plane atom, the pilot 
atom should be chosen from that side of the plane which is most preferred by the 
standard subrules. Thus in the case of LXVI. the preferred side of the ring is the 
one with ortho bromine and the left hand methylene carbon (underlined) is the 
pilot atom. In ease both sides are coni valent, the pilot atom may be chosen from 
any side. The sequence starts from the first in-plane aiom (here oxygen) and 
continues through atoms in the plane always following I he path leading to ihc 
more preferred atom. This is indicted in the structure hy numerals I, 2, and X 
Viewed from the pilot atom, if the order 1-2-3 appears in a dockwise direction, 
the configuration is Ji and if in an anticlockwise direction, the configuration is S. 
Accordingly, (be configurational notations of compounds (LXVI), (LXV1I). and 
(LXVLll) are all R. The molecules (LXVI) and (LXVIII) belong to point group G 
while the molecule (LXV1I) having a C, a«a belongs to point group C 3 , 

5,6. Cydopbaocs 

Cydophancs are conceptually similar to ansa com pounds. Usually two aromatic 
rings are joined logtthnr by bridging the pan positions to give parsnydophancs or 
the meta positrons i© give meiscydophanes. The compound (LXIX) {Figure 
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is j simple pnracytlophanc with one aromatic ring only (resembling an ansa 
compound) which has been resolved. The pitot atom is the methylene carbon 
(tinder!iced) bn the side of (he carboxyl group and the structure (LXIX) has R 
configuration. In more complex paracyclophanes fe.g., LXX), the two benzene 
risgs are arranged one above ihc other (parallel) and the one with the substituent 
j CQ:H) cannot make a full turn if the chains arc small, 



R 

(LXXU 



FTpiirc 5,25 Cyclophancs: simple, para, and mefa 

To have enanliomerism, at least one of the ring must be dissymmetrically 
eirninitcd or, in the case of the metacydophanes, the two chains must be Rein¬ 
s'valent as in the structure {LXXI). For the assignment of configuration, the 
procedure is adopted. The pilot atoms are underlined and Ihc molecules 
LXX) and (LX XI) have configurations S and JR respectively, Paracydophanes 
lave been reviewed by Cram and Cram (1971) and metacyclophanes by Vtigtle 
toi Neumann (1974). The iwo parallel aromatic n electronic systems interact 
» — each other (rr-ir transannular interaction) which is exhibited in many of their 
rr>Tical properties particularly in the electronic spectrum. 

553 irarj-Cydonlkenes 

i^-j t ’C)'cloalkenes provide another type of molecules with planar chirality. The 
- fc - trigonal carbons and the atoms directly attached to them arc in a plane and 
—- pclymethylene bridge is skewed in the third dimension. Cydooeiene is the 
=n_iZest ring* which can accommodate a irans double bond and two conformations 
LXXlIa) and (LXXIlb) (Figure 5.26) are possible which are mirror images of 
eari other, The inlcrconversion of the two enantiomers which requires the 
ritzging of the tetramethylene choin over and below the plant of the trigonal 
* oa > (chiral plane) is opposed by ring strain (angle strain) and the two 
rrs^aniers Imve Iktii sepiiralnl (C'npc rl nl 1963). 'I lie mntecule Ims n C, axis 
“■ ;ng through the ccnirc of the double bond and bisecting 5-6 bond) and 
^ 0fC belongs to point group C*. In pawing to higher homologucs, the mobility 
:: the poly methylene chain increases and the rotational barrier decreases, trans- 


*—-j<ytk*q«ent bu been ictn as a (lectins intermediate: the civ of /rarw-cyctahexeTic is more 
vr^njNtrsaV 


Scanned by CamScanner 






I 


94 Stereochemistry 

Cydononcoc ciiste in opu'eaUy active form only ai SWr^A,. 

amiizmrs (LXXIIa) and (LXXJlh) have H inuTw^ K^ti^r ’ 0 

v 

I j 

-COgHfd) 



II 

II 

I 





Ji 


(LXXllll 

Fipwfc 5 J6 tru^Cydcmcifme and a vhir.il femurnc 

c^xsasRBca -ixizszxsi 

“ » om ? Ite ■A-iliW cyetopcouidicnyl rin/L „„ „ = 

ton .id tordrt to the mtul. Ttc chirality of any of ,h« prefcrahtv C^T 

( ost p..i fared by standard subrule) specifics the chirality of the molecule. Fe is a 

1C 1 snd f ! ” . CO: j? " d whk1 ’ railll « configuration of LXXItl Jf’ 
(C 2 and C-5 ire bonded to Ft and so gel precedence over CQjH). 

5,7 Holicity 

^ Bnd k 00 ils mirror image (see Figure 

5,27). A helix may, m fact, be considered as manifesting axial chirality, its axis 
semng as ilie chiral ms, although it is more convenient to discuss chirality or this 
*»“*«« of h ' {ic{t y' tf ii has a C 2 axis perpendicular to it/ a3 ds Q f 

to the id— thC hC ■* l * t Cal r I f d P alindr0 ™cT. The assignment of chiral designation 
o the helix is very simple, if moving from one end to the other along (he a^ij, the 


“jatsa ? ■? —> - ■■ 

(a,b,cj now appcir ld * p| 1DC 11”* t “ om> T “ M “*’ i, ™ p ‘ 
f ll looks uie jo me from either end 


: ‘ - 
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Figure 5.27 Helical Miuclurti 


describes a clockwise direction, it ip designated P (plus) and if it describes an 
"^clockwise direction, it is designated M f minus), At I lie molecular level, helicity 
ans f 5 fr ° m secondary structure and is conformational in origin. Thus helical 
^re has been intensively studied in protein molecules. The polypeptide chain 
~i_..T,ed from naturally occur ring L-nmino-acids often coils to form an o-hclix 
y -h ,s a P helix. Such helices arc directed, i.c.. two ends are non-equivalent and 

Zfv. IS n ?. C } ax,s - Thc skdclon of * double helix present in the structure of 
acids is shown rn LXXIV. Although of conformational origin, the helicity 

f-" o^? e i m lh . ese moIecules ^ strong intramolecular H-bond'ings (Goodman et 
°P t, “ l rol3tor ^ dispersion and circular dichroism (Chapter 15) provide 
^ ^rsting experimental study of polypeptide helicity. 

—'. n molccule ma y 'wit also from molecular overcrowding. This is 

„ T “ f uch « heli “”“ LXXV), benzphenanthrenes (as 

a LXXV,1) (Figurc 5 - 28 >' n«e molecules arc 

Jj eapecled to be planar but, due to molecular overcrowding, the ring 

-res assume a helical shape; the terminal rings and the substituents are in 




P 

(LXSCVII) 


Sample output to tesl 0V( , rCTOwd!nfr 
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96 Stereochemistry 

H 

different planes and [he molecules exist as two helical enantiomers. Eiexahcliccne 
(LXXV) is a classic example of a stable helical molecule with exceptionally high 
optical rolmion. f rr’lo being fi2UO“. Higher hcliccncs (e.g., lieipjK octn- tie.) are 
also known. Hu; chiral designation' of (he molecules I I.XXVHI.XXVIlli are hi, 
and l* respectively, The first I wo molecules luive .1 C- axis passing ihruugJi (he 
cental ring junction of the molecules with tne two planes of the terminal rings 
symmetrically oriented around it and belong to Ci point group. 

ft is often very convenient to specify |he chiral descriptor of conformational or 
atropisomeric enantiomers such as substituted ethanes and biphenyl derivatives 
wilh axial chirality by helical nomenclature (/* and Jlf). The rules are very simple. 
The substituents are ordered in three in the case of ethanes and Iwo in the case of 
the biphenyls (Figure 5.29). The highest priority group (CJP) is selected at the 
front (fiducial group) and related to the highest priority group at the rear. If in so 
doing, a clockwise turn is described, the configuration is if, on the other hand an 
anticlockwise turn is described, the configuration is M. This is illustrated in Ihc (wo 
enantiomeric conformed of meso tartaric add (LXXVIlla) and (LXXVIIfb) 
(Figure 5.29), For illustrations in the biphenyls, the projection or S-Hdmilrodiphcnic 
acid (Figure 5.13) is reproduced here (XXXV). The two fiducial groups arc NO 3 
in the front and NO: in the rear. Movement from the former to the latter takes 


OH 



(LXXVNlo) 




N0 2 


Figure P and M nomcncljCufc Tor acyclfc ConlnmUJ 


place in clockwise direction and so'it u represented as a P helix. The enantiomer is 
nn M helix. In the biphenyls, R corresponds to M and S to J*. In case Iwo hgflruL: 
are identical as in QCHjCHjO and CbCHCIK'b., (he unique alums (Cl in the 
first and If in the second) are fiducial. 


5.8 Miscellaneous examples of molecular sicreoLumicrism 

Some molecules show stereoisomerism (cnanuomerism or diasicreomeriMn) due la 
factors inherent in their strut:lures and may not be categorised under the previous 
headings. One interesting example of such a chiral molecule is provided by tri-©- 
thymotide (LXXIX) (Figure 5.30) (Newman and Powell 1952) which possesses a 
Ci axis {point group Cj), Molecular dissymmetry in this molecule is ihe result of 
the three phenyl rings not lying in the same plane (due to sieric congest ion), as 
shown in rhe structure. Its configurational stability is very low. Basically, it is a 
ease of Btropisomcrism (hindered rota I ion leading to stereoisomerism). 
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[LXXEX] C 3 


ILXXX) C 3 


Fituri? 5 JO Chi ml molecules C. (win I pro Up 

* : ' "WMhr, Shaiptesi (Bnlm ei al 1988) synthesised on interesting type of 
nofhospbwjes of C,, symmetry represented bv ibe structure (LXXX. 
■r* >Bu 1 wh)ch chiral otso for 1 similar reason, lie G axis passes ihrough 
r.osphorus atoms and is tilted by about 27* with respect to the plana of 


rings which eliminates the a planes. 

are turge nag 00 mpounds with conjugated (alternate) double bund* 
~ JV C * L, J in cis nnd intm configuration. Thin. (he f Ufannufcnes 
“ rt ™ onOTS LXXXI and LXXXIJ (Figure 5.31) have four Irens and three 
bonds (Gaoni and Sondhctmcr 1964). In each of ihc structures, four 
r hydrogens overlap wiih each oiher leading to two eon format jnnaJ 
w which differ in the mode of overlapping. The two forms although 
on silica gel column imprcgnaicii with silver nitrate) arc easily inter- 

:bt£i 


(LXXXI) 


t LXXXII} 


Flgurt 531 Sicreoisomcn of anruleties cJifTeriny in ihc mode or overlap 
of iotraannuUr H Sllnnw 


- .9 CydostercaLwmcrism 

A acw type of stereoisomerism has been described flrsi by Prelog et at f 1964) and 
extended by Mislow et al (1986-87) which is based on cyclic directinnaftry 
* kfllTA ri « cyclosiereoisomerism. Compounds exhibiting such stereoisomerism 

- t generally cyclic and coniain more than one chiral centre either as a part of the 


•in inci ont ■ nnJv 
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moka.k)^dircctod /r\h^w!i ° f "'"T T nftn-lincnr minis in Uic 
of tile simple example bcine that i'll 7 < ^| S / 1rt UI1 ' 11u nn fi <uc noii-uriuivuleni, ime 
and nndirited S ™ < LXXXI «) (KsomS. 32 ) 

“ d suffl *"‘ cond *<Jon fcTcyclic d,re c tio n ^^ C wf 9 taTL^l^f7 

Slra^ftamc'ortbul JS?* ^ ^ 


H 

N*. ,0 


XJ 

°*V 

(L X X X 111 ) 


Mo 
I 


H 


-nh^co-c-nh-co-c-nh-co 

W Ml 


'-^O-e 


(LXXXIV) 


ILXXXV] 


Figure 5.32 Comtilutienal ril* dhMIM* M<1 , , hoIt ^ fw , 

S.9.1 Cyclic directionality oreonslimtional origin 

V n, ''h K '’ d5) prOVit,t tK ™nlcs of ring 
■bo chiral eeo^^r^Si^^'rln": 1 T***** 

clockwise and aniirfuckwise ar * nnn i *** * n . fi d, ^ 0cll(:>ns a| o"E the ring, 
directionality. If such a cydooIjnoncniirTTT! PVlt *r ri “ t0 consli(lllJ ona] ring 
inimo acids of the a *Slf ‘ ??? ° P ° rcqual nU(I,b ^ of * >nd I 

become 2 xi), it may show ^di™?X UmC) '"'V 0 * 1 n,Jmbcr <* ^himl cemres 

unit chain (LXXXIV) conlainmfi tme aTm" 1 " A * nr,hand noiaiion fur a two- 
Figure 5.32 to I* „„ ; n sobsK "u-”'™ ""*•» I s « 

ilic crossed circle f ur A* Uiiml ecu if w i,ri '* n 1 imW rtl,m,s f '" « »'hI 

■be mow (- ) pointing'lo the lefc'sta nd fo" nju^rva ,H * lu '«'•■ »«d 

(LXXXV). The white cifde .nd ^ C °’ NH ™p««ivcly 

and so are the arrows. m!rTor of “eh other 

(fl and S doubly Ii'nk^^rou^MnSd^h 11 ^ '* 1 * W0, 0llly ooc flrTaQ £ em «it 

■be presence J a S, 

arrangements of the chiral centres, RRSS and /??/? ? „ C ° 2 °-\ K™ diflerent 
h> short-hand nmtions a s LXXXVI and I XXX mil HTT ’??* 3rc showrt 
LXXXVII and LXXX1X rcspeaively (figure S ^ 3 ^ ^ Jilr,,dur «« 

first having an S 3 axis and^c SonAn^ ■? - i L rfthei11 achiral, the 
■e^tle ffi e„ dimertomen ^f„orX^“ S ’ ^ a " Ihus «» — 

se oi ring Jii<DCti(]nali|y h ihfic itru^mcj conooi have my o pEine. 
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H 



tuxxxvi 


(LXXXVII ) 


H 



(LXXXVIll) 


(LXXXiX ] 


1‘igurt SJ3 Cycfotetraalinyli: two moo borom 


^ When 2u - 6, three different arrangements of ihe chiral wotres art? possible, 

; ^ otlc which three R and Uirce $ centres are placed consecutively has an S’ 
2J35 and is a meso isomer (structure not shown). The second one with R and S 
placed alternairly (XC) (Figure 5.34| in also a meso compound (presence of an S n 
..xis); its minor image (XCI) apparently differing in ring directions]tty* is super- 
rcsablr with the original when rotated by IW around a horizontal asis. The third 
om < XC H) does am have any S* this and is chiral (point poup C,). Its mirror 
;mage fXCIH) shows an unusual structural feature, all the R and S units are 
arranged exactly as in the original fXCII); only the ring directionality is different 
which prevents the two from being super posable {a ISO 0, rotation of XCITI around 
the horizontal atis makes the ring directionality the same but now the chiral 
framework is different). The two structures are called cyctoenanitomers (the 
'iffwijfltnmffli is called cycloivtaiuiofn^n^n}. I.ike true enantiomers, they possess 
identical properties and differ only in optical rotation which is equal but opposite. 


* Lycfcr .SiJttiiuMljJy and nnpdirKijoilsIily *rt u r «d here syrmn^mfumly. 


_ 
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Ci'clolicKaolaninc (XCI1) with a clotkwiK <lireeiion»Iily has mi’of 
?i 5 f ’ W , h J L'“ c >' c ' otnant, ointr txcirr) with a„ anhckclcroc directionality has 
no or+22™ (tiie small difference is due io imperfect purification). 

With the increase of 2n, the number of stereoisomers also increases and when 
Zo - 10, there occur four meso forms, sis pairs of cydoenantiomcrSp and five pairs 
ol enantiomers (i lotal of 26 siercoisomers). The structures (XCIV) and (XCV) 

(Figure 5.35) represent a normal enantiomeric pair while the structure (XCVI) 
represents a member of another enantiomeric pair. Inspection of XCIV and XCVI 
reveals an interesting fact : ibeir chiral frameworks are identical, only the rine 
direct tonality is different. They cannot be tydoensniiomeis since ih/y are no) 
m.irOT imnpcs of each other. They are. therefore, caltcd and 

hke norma! d.asicreo.ncrs, Urey tlifTcr in all (heir properties. 11,c enantiomer oT 
XCVI ,i m turn cycled]astercomeric wilh XCV. Characterisation of a pair ofcydo* 
stereoisomers ts thus made on the basis or three criteria : the idem My or non- 
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Stereoisomerism: Axial Chirality. Planar Chirality and Helicity 
T«bk 5.1 Grfferia far cycln^creolsotucn 


£jf -rsiamtrs 

Chiral frame 

DiftcrfonnSip 

Mirror image 

Example 

r«aAwH 

C?c!oen#ntioa>tr 3 
it reamers 

different 

Sadie 

fa me 

oppose 

opposiie 

ppposile 

y* 

yet 

DO 

xciv £ XCV 

XCII * XC1II 
xov & XCV1 


Si=ce ring directionality can be changed at will by simply turning over the nng, 
r* nature of cydostereoisomers is best determined by keeping the ring directional^ 
cf my two structures opposite and then applying the other two criteria. Compoun 
are neither enantiomers, nor cyeloenamiomeis, nor cydodtasiereomcrs are 
serzial diaster comers by default, e.g,, XCV and XCVL 


5j 9_2. Cyclic directionality of conformational oriRin 

R-ccnliy Mi slow and coworkers (I9K7) have shown that cyclic dilWtionajity may 
^from several confnrmn.ionaMy mohllc proaps 
prripheA- of on undi reeled ring and rendered immobile by " 

Ut illustrated hy examples. l^-DicIliyl^.d.S.e-lctnisopropylhemenc XCVII) 
Figure 5.36) on phoiohro mi nation affords two dmsicreonicrs ft c wo y 
~uin$ arc converted into two stercogenic o-bromoei y grou ^ ^ 

lid be” * I 

earner (not shown) also exists in two enantiomeric . chains around 

sormal enantiomers. Under condition of r 7i~ e ° r f „^ each 
lryt-C bonds, the enantiomera of Ik. ^"“"J^ramric aeid 
other the diesiereomcr thus becomes a meso isomer similar 




(XCVII) ( xcvm > 

Hpire SJ6 Conformal inaal cytloenanliomers 
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102 Stereochemistry 

which also exists in two chiral conformed. P and St. The cnanlfruncrt, of the 
second dialer comer, on the ocher hand, retain their con figure [ionjit in [eerily under 
modi lion of rapid internal mlulmn similar tn f I >- nml f )- tnrtjiriu arid. 

S.'J.J Itctni-ctumllo Lvomorv 

Yet another interesting type of cyclostcrcdtomcruni is encountered in Cyclooligo* 
peptides and analogues consisting of two or more different chiral centres (polytonic). 
If the configuration of each chiral unit and the ring direction arc both reversed for 
a structure, a new structure result! which is essentially a constitutional isomer of 
the original since the sequence Ci-NH-CO-Q has now been replaced by the 
sequence Ci-CO-NH~Ca, Ci and Q representing two different chiral centres. Two 
such tripe pi ides (C) and (Cl) are shown in Figure 5.37, The circles of different 
rrnlu refer ui difTerem amino add residues. Such pair* v f umi|ioiiinLs arc called 
Yclro-cnantio’ isomers. They arc of biological interest because one can effectively 
replace [he oilier in a biolpuical (cniymaiic) reaction (set Nogradi 1981), This k 
due in ilie fuel thnt both of them have lire vmre rdnlivc disposition of iJic side 
chains and the same conformation of the peptide chain but differ in the ring 
dirwmon as evident in the two structures (Clf) and (CIU). Thus the antimicrobial 
activities of enmatm, on antibiotic cyclohexapeptide are almost identical with those 
of us ictro-eiuntio isomer (Shemjakin cl al 1969). 



© 

J \ 

(B—*© 


(Cl) 



9 



(A^CHgOH, B = CHMe^* C a Me ) 
FI Cure 5J7 Rcuo-cnamiq ■lovnchun 
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5.JO Sum ma ry 


' A mo]ec “ Ic “°y ^ Chiral even m (he absence of a centre of chirality due to 
ibe pnrcnco rf other demerit nf chirality jeucIi at at™, planes. and hrh'res. The 
\ p . L of n,f,n ! d) inil«y is tipteiotil I in the husj* of an cU^itol klnhabim, the 
1 J " pntn ° f VCI,ICW ° r which nri! tlblinptirtJiahle from each oilier. Such a 
tetrahedron servo as the model of axial chirality and the line along which the 

“J™ 13 e a °Ea Icd acts is the chiral axis. At the moteculw Wl. * W 
ccabcr ol molecules such as appropriately substituted alknes, hemispiranes, 
■piranes, adamanLonk, biphenyls, and their analogues conform to this model and 
thaw euantiomerisni due to ami chirality. 

1, The three-dimensional stereoisomers bawl on axial and planar chirality enti 
he conveniently analysed in terms or two-dimensional chiral simplexcs as structural 
units. When iwn such units undergo planar combination, they lead to planar 
diasteicomsis such as cis and (fans olefins but when, llicy combine in a non-planar 
way. three-dimensional structures Tcsult which correspond to nn elongated letiabcd- 
ron previously mentioned and the resulting molecules show cnantiomerism. 


A Iwo-dimcnsioiiftlly dilnil plane divides Elm Ihrcwlimcnsional spnee into two 
distinguishable half-spaces, An atom or a group may be attached to a centre in the 
cbral plane from either half-space giving two enantiomers. Molecules belonging to 
this category are said to be chiral due to the presence of a chiral plane, 

3. A number of alknes, hemispiranes, spirants, and adamamoids which are 
cfciraJ according to the above principles, are discussed. In order to assign configura¬ 
tional symbols to axially chiral molecules, ihe standard aubrulc (0) is applied first 
Which States that near groups precede lar groups. The molecule is viewed from any 
end or the axis and the groups near to the observer arc numbered I and 2 whereas 
ihe groups at the far end arc numbered 3 and 4 following the priority rule. The 
order 1 — 2 — 3 {clockwise or anticlockwise) gives ihe configuration as R and S. 

4* Stereoisomerism in biphenyls requires a new principle, namely, hindered 
rotation around the pivotal bond {the bond connecting the two phenyl groups) and 
is known as atropisomcrism. The two aryl rings must be dissymmetrically 
Substituted (so that they conform to two-dimensional chiral units) and there should 
be sufficient bulky ortho substituents to prevent them from being planar. A large 
number of biphenyls of this type have been discussed which exhibit different extent 
cf ton figurational stability including a few which are singly or doubly bridged 
(through ortho positions). Icrphcryl ilcrirativcs wiih suitable substituents may 
show both cis-lrans isomerism ns welt ns cn,iniiomcri.s.iii, 


**■ "P*® assignment of configure I innn I symbol to biphenyls und analogues is done 
following the Anmc general procedure u recommended for axially chiral molecules. 
Unlike in the previous practice, however, the fiducial groups are not the onto 
substituents per it but the four Orlhn carbons properly complemented in quatf rili- 
gancy according to the sequence rule. 


A Atropisomcrisnt is also known to occur in compounds with restricted 
rotation around single bond joining twosp* hybridised carbons atoms. Thus a few 
triply cent type molecules ate known which have been Isolated in enantiomeric as 
wetl ns in diastereomenc forms. 
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7. Molecules with planar chirality include ansa compounds, paracyclophancs, 
me la cyclop tin nts (in which remote alarm of a phenyl ring ire joined by chain or 
chain*), and a few /«wjr-cydofllkenes. The enantiomeric forms rcnult due 10 the 
position of the methylene chain on either side of the aryl ring or C — C bond. Ihe 
inleiconversion between the isomers being prevented by the inability of the chain 
to swing from one side to the other of the aryl or olefinic plane. 

The assignment of configurational descriptors to these compounds is done by 
first selecting a pilot atom (spectator point) which is the first out-of-plane atom 
linked 10 the sequence-preferred end of the diiral plane. The sequencing starts with 
the first in-plane atom and continues through atoms in the plane along the 
preferred path. These atoms an; numbered rcspccrively 1, 2 and 3 and the order in 
which they appear when seen from the pilnt atom determines the con Figuration; 
i.e M R for clockwise and S for anticlockwise 

8. The rv-hdii represents a secondary structure i»f rvoiein molecule* arising on I 
of coiling nf polype|Hide chain and is thus conformational in origin. Certain |« My cyclic 
aromatic compounds known as lieliocncs also assume helical structure due to 
molecular mcr crowding. As a helix is unversed, it ritscrihes either n clockwise or 
an anticlockwise direction and accordingly it is called a /' (plus) or ail Af (minus) 
helix, Polypeptide chains formed From L-airrino-acids give mostly P helices which 
arc held rigidly through intramolecular I {-bonding. 

Sometimes, it is more convenient to specify the chirality of conformed of acyclic 
molecules and biphenyl derivatives (having a rial chirality) by helical nomenclature. 

A few ill nitrations arc given. 

9. Finally, a new type or stereoisomerism, namely. cycles!crcoisomerism based 
on cyclic directionality (of constitutional or conformational origin) has been 
discussed. 
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Chapter 6 


Topicity and Pro stereoisomerism 


6.] Ini rod uc (ion 

Ligands {atoms or groups in a molecule)* nrc called homomorphic (Clreek hoino,i 
means same and murpl re means form) if ihey arc indistinguishable when considered 
in isolation. In the case of atoms, they must be of the same element, c.g,, iwo It or 
iwo Dr atoms and in ihc case or groups, they must have the same constitution and 
configuration, e.g.. two Me or two Ph groups or two secondary butyl groups of the 
same chirality R or 5. Such homomorphic ligands may, however, be distinguishable 
in an intact molecule if they are bonded to constitutionally different ligating centres 
in the molecule or if they have different spatial relation with the rest of the 
molecule. In die former ease, the ligands are called constitutional!)' heicrvfopic 
(Greek l lopgs' means place), as for example, H‘s at C-2 compared to H’s at C-3 in 
n-pcntanc (Figure 6.1). This type of heterotopicily has no sicrcodictnical relevance 
and will not be discussed any further. When their spatial relation with the rest of 
the molecule is di lie rent, the ligands are called itercofieiero/opic as for example, the 
germinal IPs m C-2 (dcsipaied H A and H 0 > of n-penianc. The Me-C-Pr plane 
(Me and Pr may be regarded as two distinguishable points) forms a two- 
dimensional chiral simplex dividing the three-dimensional space into two half- 
spaces fright and left) which arc stereochemically distinguishable (they are enaniio- 



Ftrure 6.1 Flnmniopic ■ ihJ he rrmiopic Irjundi 


•ActaiUy, lipindx in a y be cfnuiJtinl u inhumil nT A mnlrcuk 1 


Somplo output to tost PDF ComtHno only 


Scanned by CamScanner 








t 


Topi city and Frostcrrotetonerism | 0 7 


mor r hh in (he present case) which makes the two H ■ residing m them 
siercochcjnicaOy nornsqu, valent; ie, sieteafatrmtoptc {actually cnantiotopic). The 
aurcrence becomes more obvious when the two H‘s nre replaced, hypothetically 
“ one n i nme, **y by 6r. giving two enantiomers (as shown). Similar 
replacement of cotuliliriianiilly htftrmopic ligands would lead to constitutional 
gomqytf Me or Pf et replaced by a chiral group, the two half-spaces as defined 
»lwve become dinstereomorphous with respect to the plane anti brominaijon at 
t.-2 leads to two diasjcnfomm which abo makes the two H's sterwhctcrotopic 
actuary diast myopic) The gemma) Ifs at C 3, on the other hand, are homoiopit 
[here being no dratmtmn between the two hajf-sp^ they resid e ,n (Ei-C-Et 

plane i5 two-dimensmiially achiral), tteplacrmenl of either of the two H\ bv Br 
gives identical product. ' 


A Few points emerge from the above 11 lustration*. Molecules having stereohetero- 
i pu J‘grinds exhibit prasit rsoi wm?n rt fprovided the ligands can be reacted on) 
vvhicih proves ihat stcrcofictcrot opacity and prate rep i$cm<miTi arc two associated 
phenomena,JP^ascreoiscme ri^m. jo the present ait, is attributed to C-2 »or C^J 
** ff-ocm™ which fc* dneribcdB a nrfwterrnprnir centre Just is stereoiso- 
mensm is discussed 111 terms of stcrengemc clcmcnl* uiemrcs, axes, and planes], 
[KQ4tfimo«nmcriun raa y he draco bed in terms of analogous prcisrcreugenic 
dements, i.c.. proatcreocentres, prosiereuaxes. and prnsicrcophincs. I he terjn 
. h.raitn tn r.EcrcijjsciiTierrttti '•liuutiJ Minilariy k replace,) by (he lerm procftimlify in 
. rostueuboUltrism which would mean ihal it iwo hnmrimurphif brands m a 
prtx-IrfniJ centre fur or plane) he made dilfcunt. a rrhirsil txrure far axis or 
r ant i would result A tdrahcdmlly bonded atom i>| tlac general formula XaJibc 
a here none of I he primps iUh, or c r. (lie enantiomer nt another) illutiraics » 
typical prnchifiLl centre, C jr, f-2 in n-penl.iiie. Jmi ,i\ a Mcrengenic centre may not 
oeoesarily he a chiral ventre, n pratL-rcogcnit: cenire may nut necessarily be a 
.rochirul tciilii', ie.. ;t re nt re may he priisUvriiccJiic without bring pruchimJ 
samples will follow). Two lace n appropriate molecules may alsu be stercobetcfo- 
■ ■rpre anti fcattions on either face would lend to drllrrem stereoisomer( 
SiereohetraHopic 1 1 [rands (or Faces) cnn. in principle. be differentiated by 
c * * f IT1 l Cai ' biochemical, and speclioscopical (paniculady. NMR) methods The 
principle i*F sicrcosi'ltvlivr - ya thesis (( hapter J3) is hased on ihc differential 
behaviour of hetem topic groups and foccs towards chemical reactions. The concept 
d ucienltutcroiopiciiy has been discussed by Midow and Itubnn (1967) and that 
procluMlity by Hamno fl%6}, The topic has been iiticmiIy reviewed fEJiel 


b.2 Top icily of lipaiuls mid faces 


£ ~~ay he pom led out that mpicjly as defined above describes the relationship d 
»o a more homomorphic ligands for faces) which together constitute a set 
1 ligind cannot by itself be called homolopic or hctcrotopic m order to 
. : tots termi oology, n nunparison with other homomorphic ligand or figands 
p^ot either in the same molecule finternal comparison) or in a different 
^■■l^culc [external comparison) is nwiSMfy. These terms are thus similar to the 
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i*rms tnanwmrnc and dwtertomcrit used in reference u> stereoisomers (Chapter 
3). 

Nomotopic lignnds und fnecs 

Two criteria, namely, n substitution (or addition) criterion nod (or) .1 symmetry 
criterion are employed in determine the topic relationships «r homomorphic 
ligands and faces (only one lest wife ), 

(A) Substitution-addition criterion: Two Homomorphic Upodsart notnrtopK if 
substitution (replacement) of fust one and then the other by an atom nr IjnMjl 
which is not already attached 10 the ligalinp centre gives identical product By this 
token* all hydrogen atone in methylene diehloride* methyl chloride ethylene, and 
allene (Figure 6.2a) arc homotopic. ISuteti lotion or hydrogen atoms in each set 
gives 1 single product) The two tnechine hydrogens in f+Vtaitmc acid (11 fas 
also m the M -enamiiomer] are also homotopic since their respective replacement 
by deuterium leads to identical product (II) {Figure 6-2b)i 1 he last example proves 
ihjit molecular asymmetry is no bar in having homotopic ligands. 


a 
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Flprrf fcl Homuttipfc fifibdi 


For ccnfcrmaikuvilly mobile molecules like cyclohexane (which undergoes ring 
inversion), the lopidiy of ligands depends on the lime scale of experimental 
observation. Thus cyclohexane at low (cm pern lure i* i in mobilised in the iwn 
equivalent chair conformations (lib) and (lllh) in which two lypes of protons (IL 
and H are discernible (by low tempera lure NMR) The twelve hydrogen atoms 
Form two sets of hnmcKoptc hydrogens (6H* and 6 Hr), Replace men I of any 
hydrogen of the same set by deuterium pirn idcniical product. Members of the 
two sets, H+ and H t are, however. heiemtnpie since their replacement gives 
different products (axial and equatorial isomers),* On the other hand, at room 
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km pen lure, [lie ring inversion ip rapid on the experimental lime sale and nil the 

twe|v ; " s ***** **>o*tte as in ihc planar structure flUc) Replacement of anv 
one dfilKffl* say by U gives a single monrchlomcyclohexaric 



FlpufT 6.3 Confer mi tuin nvJ top icily in cjdohttine 

Two laces of a double bond arc homotopic if addition lo either face gives 
identical product, e.g^ formation of ethanol by addition of MeMgl to cither face of 
formaldehyde (Figure 6.4a). The two faces of the dialkyl sulphide (IV) are 
homniopk: by the same token (oxidation lo sulpboxide may be taken as a tot 
reaction here). Alternatively, die two lone pairs may be considered to be 
homotopic. Things become more complicated when addition takes place at both 
ends of a double bond as in eihylene, ).\ -dimeihyleihylaic, and cis-2-butene 
(Figure 6.4b); these molecules all contain two homotopic faces. Confusion may be 
avoided by using epnxid.ilion as the lest reaction as demonstrated for c/>2-butene 
which gives the same epoxide on reaction at either face as shown. 






uvj 


Me 

Me 


^ C = C ^—*(^2 
H 


2 v 



Hpure 6.1 Horn Nope facer. 


iB) Symmulry criterion. I ipantis arc homoinpic (by internal comparison) if 
they can interchange portions by rotation around a simple axis C\ («>n> l). Thus 
the two hydrogens in methylene dicWoride (see Figure 6 2; the point group is 
shown under each structure), Ihc three hydrogens of methyl chloride, and the four 


Pnr rnmhr^-. nnlw 
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M^'^ f r^ ! ’ e . C1, V" t t, rCblntC l ’” i ‘! ons ,h,DU S h around Q t , c„ 

: ' Gpcttwly- In allcne, the gemmal hydrogens are interchangeable in 

£T hy rn '' 1 "® n *™ ntl "* molecular axis (C, mis) white I he mn-frmin.il 
hydrogens arc mterdiMecaWc H,rm.pl, routtinn around .he ,w„ C . axes rernendi 

rht'n HT^ 1 "* f ° Ur h * n * a aloms are th» ho^l^i, Th^v„ 
inri I r I lfi i nd n A \* n f0lJ^,ll llomo,f> P' c ihmuph mniion around one C„ nxia 

cTwT^ VI? C lhr ° Ug , h mta ‘ 10n arouftt * anolher ^ al1 lh ^ fA-B. and 
fiinh? ? J T mo(o P' c The (wo me chine protons (as atm (he iwo OJI 

roLn I ion around 1 ero,J .P s J.®' f f+Hartanc add (I) are interchangeable through 
oLihon around a C, ai JS either in the echoed conformation or in p slavered 

SHS3S" niy ™ fy ,hi ”- TI,M ^ of ,i6ands -• <*££ 

hr.l! h 'wt or^lohuMnt (Figure M). ihc two acts of 

Ihc Ci 1X15 andC. aies*A 1 l i“ f” ' nlt, chat>gt positions through rotations around 
ItlrlJ^ x ' wtv * homolopic h>*Offusm the plana, cyriohexanc 

h 05 " 10 ™ ihrough rotations around the C. axis andC. ».cs 
*" e lottowmg pom ts may be n oied: 

(0 Any achiral or chiral molecule with a c axis must contain at kirn 

one sei (usually two) of homotopic ligands. The presence of a C axis in n 
™^"! C nfl| c ‘ ,Min: ‘hat any two ligand* are linmninpic. The ligands in 

S m 3« ,l« C ^ lln ^ PfW,l,ftnS hy , thc nf the C, symmetry rfcLni. 

*] f ^ M ™ CClllc?i belonging in non ttiml point groups, such at C, C and C find 

s^% B „r“ tc ™ } wwch t,n -—«* <•-**« -£ ( c 

the dl! ^r i1 fT fl, ' r,nJlM> ' mohflc SysfCm *- ir ,hr anwiirul einmw.' i< rapid 
o^r :^^ 0b5C r"^ btimomorphie ligands (intcrciiauged under eond.irun 
of fast rotation) are homoropic (eg., Hs in cyclohexane) The same is iruc for 

" If"* ^ undergo rapid exchange of sites by torsion around a 
■nZ ih L 5 ^* ^ 3 ' POj CIC ‘ which possess rotational symmetry) 

jilchftih" ™ lhy \ hyJr ° 8ens in acelic ncld arc bomotopic by the same tokn 
. £ i any conformation of CHjCO ; H belongs to point group C* which docs 

not ullow any hniroiopic ligands (vide jtupra). 

M !" * rifid lhc <'f hotnolopic ligands bulnnging in „ *, 

cnttuol be *.««, than (1 |,hough it muy be cqusl to) its symmc.ty o„mhrr M‘ 

number I ° r m olecules beTongmg to C u C„ C, and C-u point groups 
is I and so ihcy cannot ha vc homotopic lig.mds. £ P 

Faces of double bonds, carbonium ions, and molecules with disubsi it uteri atotns 
Capable or accepting a third ligand fe f . t R-S-R) arc homotopic if they interchange 
through a G axis. F 

6.12 Enantioiopk ligands and faces 

The origin of stereohcterotopiaTy of ligands has already been discussed in Section 
o.l. The st e fey heterotopic ligands are of two types: crwtttiQtopic if their positions 

*S« Ou[i [0 2 . 
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in the molecule arc re In led in mirror-image fashion and diastercotopir if (heir 
positions do noi bear a mirror-image relationship. White the difference between 
dinsiereotoptc ligands ii self evident, that between two enButiotopic ligand-* is more 
subtle. Two identical windows symmetrically placed in a symmetrical house front 
may apparently look the same. Bui to a person approaching ihc house, one of 
them ii always at his right and the other always at hli left. The two windows may 
be likened to two ciuntioiopic ligands attached to the house- A dural discriminator 
there a man whose right and left sides arc distinguishable) is necessary to 
differentiate e nan tic topic ligands (as tn the ca?e of two enantiomers) 

Enanikitopic ligands and fnccs may be recognised by the application of the 
substitution-addition and symmetry criteria as follows: 

(A) Substilulion-addftlon criterion. Two hctcrotnpic ligaodsarr cnaniiotopic if 
replacement of fial one and then the other hy a different achiral ligand gives rise 
to (wo enantiomer*", flic same pocs fur uMiiion to cn.miiompic face* Submit mien 
or addition w ith % chiral iirowp leads to diasiercomers, and will not be discussed it 
pn-j:nt The principle is illustrated by c*nimp|t3 (see Figure 6.5a.b). 


ca,H 

Mi 

V>f 

<v| c. 


/■ 


C, \ i 3,-h. 

M . * H o 

f*Ztzr 

tvu e s 



^z H 

\ N-—C—OH 


K_-C—OH 

U I 


f 


COgi 


twin) 



Flgtin tS Eumk<lopic hpaudt 


The cases of propionic add (Vh monochloroftllene (VI), and paracyciophane 
< v II) (only one pair of cnantiotopic H’s is ihown) are easy to understand: 
replacement of H* and H n one at a time with D leads to enantiomers. Molecular 
cnira tty of the products is due to the pretence of a centre, in axis, and a plane of 
durably respectively (see Chapter 5); the molecules (V)_(VI]) thus provide 
examples of a proclural centre, a prochini axis and t prochiral plane respectively 


•ThHw i U^ii muii d.ftn from ill mh ti Ifriuh ituchwl to the lining ccqtn { or w P Uiirs 

iV *«* fc <* IW > P^' KcnUc, „i, oTpuS T*' 
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1 12 Stereochemistry 

Suhslilulion of II* and Ely in /ncir>LarlAric acid (VIII. Fischer prcgcclioiO by D 
similarly gbes rise id two enantiomeric sinreiures. Monoeslerificalinn or CQjlT 
groups and mofio-acelybiion of CU groups likewise lead lo enantiomeric products. 
The [wo It's. COjEl groups, and Oil group* are. therefore, cnaniimnpic, In 
cyduhuuinoiie {IX), Ha and I In are limnornpii- jin mr Mu and I*.- sinee their 
suhslitutmn by (Iciilnilnil gives idenlic.il prmhiulv 2H hy ri'phuvnH'iiE of II* or I h> 
nnd 2.V by repfaoenteiii tif I In or MeJb is. however. viiaiiliuiopii; will) bull I In 
nnd Hi- while I In is ciuintioinpic wiili huh Mu nnd I It, Min e choir replacement 
gives enantiomeric products. This shows Tll.il unlike enantiomer*. cnanliolopk: 
ligands may he more than 2 in number. 

Addition of a hydride ion to ihe righl face of acetophenone (X) (Figure 6.6) 
gives 5- while addition to the left lace gives Ji-plienylmethylcarbinol indicating 
that Ihe two faces are enantiotopic. Addition of ouygeii to the I wo faces of ethyl 
methyl sulphide (XT) gives two enantiomeric iulphoaides (shown by the arrows] 
and hence the I wo faces of sulphur are enantiotopic. In fact, the two lone electron 
pain on sulphur may be regarded as ennniiotopic. 

Ph Me 

/ 

i 

^OH 


ft 

FgDR Ejunliotspic hes 



Ph Me 

h-A/>h- 


Ph 


V 


Me 

i 


-> C 
HO"' 


O 

(X) 


El Me 

V 


(XI) 


(B) Symmciry criterion. Heterotopic ligands or faces arc enantiotopic if they 
arc interchangeable through operation of symmetry of the second kind, i.e., a 
planes and S. axes. Thus II* and Hp in V. VT. and VII (Figure 65) exchange 
positions through a a plane, so also the two H's, two OH groups, and two COjJI 
groups in VlfT. These ligands are. therefore, enantiotopic. In cyclobutanonc (IX). 
H* and ]Tn as also He and II D are interchangeable through a <r plane coincident 
with the molecular plane while Ha and Hf as also He ami Hu are interchangeable 
through a c, plane perpendicular to il. Thus each of the four H's in Ihe molecule is 
cnantfoiopic with,I wo other H’s. .On the other hand, II* and llr>, ITa nnd He as 
also lire Iwo unlibckd It's al C-3 nrtr linmoropic since they arc interchangeable 
lhmup.li tire operation or a Ci nffi* 

Enanliotopic ligands may also be Interchangeable ihnmgli ihe opera litin of a 
centre of symmciry (if present). Thus L I* and Mr, tin and Jin, ilic I wit I’ll groups, 
and the iwo CQ>H groups in cr-lnreillic arid (XII) arc related through a centre of 
symmciry (0 (Figure 6.7), Each pair of ligands is, therefore, enantiotopic. mew- 
Tartaric acid (VIII, Figure 65a) in its stable staggered confonnaiioo also contains 
a centre of symmetry the operation of which makes enantiotopic pairs of ligands 


‘Honwtopibty and heterttttiriiy are nurtiully fid unite. 


*i 
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(two in two OH groups, nod Iwo COjII groups) interchangeable. Compounds 
mth the general formula (Xlll) in which F and =) represent two enantiomeric 
-gands lure an S. ans (a rotation of 90° around the vertical aris leads to XHIa 
^ «>' molecular plane gives the original molecule). Each 

wration 'tIiikh™ l! ““W wnh , “' 0 <d jaccnt hydrogens through & 
STaiX C ! ,Smi0 ' 0pIC ™ , ' h l,B " nd H * «** H* and He and so 

““ *?'• ll, ' raille J “ lr5 of hydrogens (Ha and H c ; H, and H„) are 
-^moiopic due to the presence of a Cj (S^») axis. J 


< f°2 H ?D 


S 4 {C 2 } 


Ph/H A . 




f xjrr Q ) 


Figure 4,7 Fnnnrm^tiflac li|anduirhiivah|E Ihretifh S* 


tin 


sjirsjs: : x> - ** .«* S u, P hid= (m 

pjic of the mokculci ” lh,0,, *'‘ ■ • I*- coinciding with the 

^The following poinu are to be noted in connection with enantiolopicity of 

*=* the presence oU^ymjMiVelmen"^/ 1 !! ‘ M " ,io ' 0|,ic li B aDds for faces) 
"^change. This excludc/aU moLuta h^lnn*'^ 5CC ?" d kind b necess »^ for 
A jand aunc.. andza." forn Chlral P ° i ”' «""■» *=■ 

m Motab with cSJSW in ,hcm fr* **> 

— also prochiraJ.t P E ^ ^ n<1 raoCs ) are not only prostcrcogcnic 

^ more than occ ^cMi^^ 1 ° Caa ° nly m pail5,1 liE11]d Wn bc ecanbotopic 

***"* ^agenis or io^cS Sa ^ nnot •* dtaineuisJicd by 

* nmk iD ^ a Jr 9u ^ Ht by chiral r “ gmts 

^ comparirVuMhe K Eft£££& £J5*W * 
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and (—l-taciic acid me cnantictopic because [hey ?how mirmr-innnp,c re In I ions hip. 


i 


6,2,3 Dliudrrcolnplc ligands wid fiices 

Diastercotopic ligands and faces reside in diasterenmeric environments and can be 
distinguished very often simply by act inspection of the molecular structure. 
However, application or the substitution-addition and symmetry criteria often 
nukes the task easy. 

(A) Substitution-addition criterion. The hydrogen atoms Ha and Hi in propenc 
(XIV) nnd bromocyclobutanc (XV)’ (Figure 6.8) on substitution (.vs specified 
before) give two diastercotncric products in each ease and arc, therefore, diasEcrco- 
lopic. Even in the original molecules, they can be distinguished, Ha being ds and 
Hit dans to Me and Dr respectively. Two pemm.il methylene protons (or enhet 
honmnuirpluc groups, c.g., Me) adjacent to ti chiral centre lire usually liiiuilcrcotopjc 
as in the molecules represented by the general formula (XVI). The replacement 
criterion leads to two chiral diastereemers differing in the configuration at C-2 
which correspond to cry thro and Ihrco isomers. The methylene protons Ha and Ha 
in r/nru-l^-dibromocydopropane (XV[() containing two chiral centres are. 
however, homotoplc (in spite of the presence of two chiral centres) since substitu¬ 
tion of either of them gives identical products. 



H 



H* H 

(XVII) 


(XIV) 


flptirt Piuitmiofic lifflf Js 


The two faces of the carbonyl group in s ronltcult of the general formula 
(XVill) {Figure 6.9) containing a chiral centre are diastcrcolopic since addition of 
a hydride to the two faces give,* difltjtni iliastemimenr. XIX when addition Inker 
place to the left race and XX when addition lakes plntt in die right lace. 4-r- 
Dutykyelohexanonc (XXt) is an example of nn achiral molecule in which the iwo 
faces of the carbonyl group arc diaslcreotopit since Addition of hydride lo the two 
faces (one at a time) gives two diaslercomcric (achiral) products, (rajir’(XXlll mid 
dt-fXXIIl) +-f-butylcyc1ohciaooL 

(B) Symmetry criterion. Diastcrcotopic ligands arc not related by any symmetry 
operation and are, therefore, relatively easy to spot- Since the application of the 

■The CO Korn ia XV is an example id a frolficrptnic cenlic which ii not prochirvl while ihe C-2 
ilutn m XVI H prcrtercogcnic H well u prrchirpL 
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fXVlri) 

( L* lorge , M" medium j 5 ■ jmot !) 


(XX) 



H Oh 


c xxi ),c s 


fXXN) 

HB«kt ft.9 Di»5le»(ito|;ic faces 


f XXJfl) 


I”™ 1 ? crilc ™" **•«*•» >0 lh= reader, .rniead of raking individual 

33CS a few genera) observation are made- 

. 1 ^“'5 Mlcn,)c5 Wo "P "«G poin, group Manor have hontoioprcUganda 

liea ” d ' <,tec ”“ of ^ bui ,iwy "f —*■' 

Id) Frcqucndji, homomorphic Uganda at a carton atom in chiral molecules are 
- ST?2 ** •»« diaacrcoiopkt. However, .hie is noi irue 

Uhi-h c™Lr! C ? “' ”* “ <0 > C, point group 

WIWC & T* ” M ‘ Jnd H “ “'“•l.^ibioniocyciopruVne 
SiTlr P) *" ,DtoC „ hj ”*“ ble * G aais and are homo,up,c 

~?"f b “ h>lt " c *•* “ 0Mk « 1 *>y IW° Chiral cemres. Cbiraljiv a ihus 

SIlSI A^hS“" V | TOr | 4 d'e rrescnce ut dinstcrcolopic 

# , molecules may have dinstcrcolopic ligands and chiral malcritW 

ZV*™* ^ ^*5! b ' ?,OD ^ (0 air P 0 ^* groups except C«, and D mt car 

-^V C ?elnn r TS HC r ndS : 3fft,Harly ' iw,h Ch ' rnl flfMl «***! mnlecirld can W 
... j. P . - owevcf, .inch inukuiics must be non-plafiir 

i:w) Enantiotopic and diastercotopic ligands often coexist One of ihe >~o 

11™ " M «‘ b Wraw Z «?E5 X „d r,™ 

,lw rn “' me,MaB ,r » - -£»—ss 

lit) l ike enannolnpic ligands, dianereninpie ligands miiv lx allachcd in 
— ra “ M - * “" f “- - 

spectroscopy is panicuJaffy helpful. 
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116 Stetfochematiy 

fi'O Ligands rruiy be diasicrcotopic by external comparison as well. Jusi as two 
corresponding ligands in enantiomers arc emmiioiopic, two corresponding ligands 
in finy two disstercomers are diantcreotopic, The distinction of dinstcrcoinpic 
ligands by entmal comparison Is a mere formality but the concept may be useful 
in some cases, e.g.. 1 ‘C-NMR (see Eliel I982 ]l 

62A Summary of topic relationships 

The points so far discussed are summarised in Table 6.L The table has much in 
common wilh that giver by Mislowand llaban (I%71 and by Elicl f 1980). 

Tulilc 6.1 Topic ri'tuiionship of lipjands and faces 


Turkiij 

SlUlnihuliLin- 
iikJiiiiiii cn tcrtoB^ 

SypiiPHn'fTy aiioxin 

[hfirrcrice 

111 h liiili i 

hkiiita-fll |iri ew3iil~I 

i ifAikth. fL'i M n-H i riip.itt^h r, 
Jbkl in fc'i |iy lJiuv. 

Nn iLrfrprilLT hy 

iiHlhi^l 

I j mn4^|h 

Fimnliiinrfic prvxlmli 

1 ryiihk Cl hit-, k IcLlIfkl 
| III LIHf h 41 , 1 , HI i;, 

1 >1 hi i ii^iiKh^l Jr. Iii 

iir i" Ihiml iTinliJ fMMHi hj 

Du'tcrfOWhpic 

DintcfewncTic prtducu 

Lif Qndi aad faces roi 
reluteiJ1 hy maj symmetry 
dtirwnt 

cbinl r«{tni\ •net enzymes 
Duiin^uiihable. in principle, 
by ill mtihodi 


*SutaiEinn-*ddiiinii by achiral group* only is ccraridfred. 


In view of the interrelationship between topicity or ligands and isomerism in 
general, it may be instructive to draw a classification diagram for lopicity and to 
compare it with that drawn for isomerism {Chapter 3). 



Homomorphic fcgands 
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by symmetry donatio of Jlrsl hind 
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J lomotopic 


1 No 

lletcroiopic 
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Constitu i Innn | |y lie tcroiopic 


cansiiiutionatiy ctjtijs’akni centres 
•t Yes 
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’ 2 Nomenclature of slcrcolipkirriopic ligands and faces' 

Ifc j mly JcmfofHC ligands differ m ihtir spa rut reiarioruftijM to the same way as 
*>-- Titffs differ in the spatial arrangements of (heir constritucnl alums anti 
F^*- is. iberelort, desirable that tiki; stereoisomers, such lipands should be 

C irrropriiii descriptors Configurational descriptors such as R .([ /, fc fii, 
’■■■” which arc used to describe sicreoycnk unit* may he prettied with pro 
mr ved lo describe the hclcndopic hpnml'i nttndvttl to an.iln^otM jirn.uei'cofenic 
■ ' Such a system was first introduced by lluason (1966) anil since then has 
|: - .! t*ide currency among chemists and especially among biochemists. 

- ’ Symbols Tor slrrcnliecepotcipii- liciimh 

rniintiolrpic and dliMlcrcotopic ligands often coexist and their labeling 
v ims are correlated, the assignment of descriptors to both kinds of stereo he tcro 
i jgands is discussed under the same headings. 

Molecules with One prochirel centre Molecules with b Mnsk prochi nil centre 
-~i represented by the general formula CabXX and depicted by Fischer plane 
r eaction In two perspectives (A) and (lb (Figure 6.10). U is assumed that ligand 
. : l higher priority thin ligand h as determined by the sequence rinks 
. "iptcr 4) while ligand X may hove any priority lower, higher, or in between 
- ± respect to ‘a* and 'b p . For the present discussion, it is assumed that X has the 
c -est priority, in order lo assign a descriptor to any of the paired ligands, say X*. 
it : arbitrarily given a higher priority than X* without dM orbing the priority of 
a ind ‘b‘ ftlic impaired ligands). The chirality rule is now applied to the 
STp< (helical chiral centre which happens to have k configuration [viewed from 
- side remote from Xb. the lowest ranking group, a—b— X* describes a 
-.i wise direction). The ligand Xa is called pro-R and may be denoted by adding 
i t*scrip- R. as Xu. The other ligand X* hpre-S (denoted by X s ) by default—a 
xc-Jurion which is alternatively arrived at by adopting the above procedure but 



U 



OH 


b 


(A) 


[ 


( XXIV) 



(XXV) 


ct r c-cr R 

H 


(XXVI) 



HpUTf 6-10 A uscfflnmc for pffrtt if.d pip-S d.-Kipimt 
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118 Stertochcmiftry 

elevating: the priority of X D over that of X*. Visual iso lien in three dimensions may 
be avoided if (he 'very good' mnemonic is applied lo determine the chirality of (he 
hypothetical chin! centre (Chapter 4). 

The method is illustrated with three examples (Figure 6.10). In ethanol (XXIV), 
X - H and the priority order is a>b>X; in glycerol fXXV), X - CHjOH and ihe 
priority order is n>X>b; in dicMoroclhmc (XXVI), X = Cl and the priority order 
is X>a>b. A common feaiure is observed in these examples (which cover alt three 
possibilities or priority sequences), namely. when ihe ligand *i‘ (ihe higher ranking 
impaired ligand) is placed at the lop in the Fischer projection ns in A (called 
top-ak the right licmd ligand (X rt ) al the prrdiinl centre i.i profit. A mnemonic 
may thus be worked out as Top-right (conversely ffauom-tcft) meaning that ihe 
1 1 pa ih! (at I lie same prnchinl ctnlie] which is on ihe riplu nt mp-n, (conversely, rm 
llic left of hoilom-al When lilt paired hjiinih arc placid vrrtindly inslcad 

of htrnvnnrally. tin- mnemonic Top-ri%ht Is dinned to Ripht-top ttmivirwly. trft* 
bottom) as in the prnjeeiion II mcnnmn llmi wln-n V is on the rijdu, ihe adjau rti 
top rignfid is pro-R and .so on (N.iripuri I *>««)). The mnemonic is valid only when 
ihe pnired ligands arc wrinen linearly (cither hwfrtinlnlly or vertically): if iky are 
placed at right angle to each other as in XXVH t the reverse is Irue. The mnemonic 
is particularly useful lo assign topic descriptors to ligands in molecules wjih 
multiple prochiraf centres (see later). 

An alternative to Hanson’s procedure for assigning pto-R and pro-S symbols is 
to replace one of (be paired ligands for a pan thereof) by a heavy isotope. e.g, H 
by D (provided such a ligand is not already present at the prochin I centre) and 
then apply the chirality rule to the now truly chiral centre (Ariponi and Eliel 
1969). Since ihe heavier isotope gets precedence over the lighter one. the 
assignment is ihe same as described in ihe previous paragraph. Two points may be 
noted in this connection: (i) The subscripts It and S used for pro-R and prthS 
ligands respectively should not be confused with the configurational descriptors R 
and $. A group with R chirality may very well be a’pro-S ligand, (ii) Replacement 
of iyro-fl ligand by a fourth dilTcrcnt ligand does not necessarily give a product of 
R chirality (as rhe prefix pro appears to signify); sec an example in Figure 6,] 1 for 
contrary results. However, if the substitution is by a heavier isotope, substitution of 
pro-R ligand does give the R enantiomer and lhai of pro-5 ligand cries the S 
enantiomer. 


Br 

i H S -*cr 

Cl — G—* H 2 - 

I 

Me 


Sr 

H $ -< p H R 

Mo 


Br 

Hnr-*CI I 

> H —C—Cf 

I 

Me 


Flpir* 6.11 CanwrbtiB of frfivR Lfjnd mlo 5«ml pro-S lipmiJ ritEO R fMitre 


2. Molecules, with n prn-psrudo^ mn ir(rlr rrnfnv The rwn I E*n (H* and N„)a[ 
C-3 ol 2,4-dihyrfrpiyglutpric acid fXXVIJI) (I'ijtiirc 6.12) ore n-nt hnmoinpic. 
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withfr ibcy tie enanfitHopic since they tie not interchangeable by the symmctn 

kmd (homomorphic pairs of ligands at C-2 and 04 are howescr 

*rtcTZ\V, a ™ S0 ' tAT '* Tic tdd »- Thc >' "tush therefore, be and 

indeed the substitution oncnon (replacement of K* and Hu by D) B ivti two 

(XXl *> “« <***>'» "W* C-3 b iMudouymimiiiconlre 

f h " d , 5^”™ rra P ecUMl J' <*“ ^apter 4) The C-3 uimit x.XVIIl may 

herclorcy be called a pro-pstudoasym metric centre or perhaps more loeieallv 

d^STd * proI ‘ crro8ra,c bul P'<Mch.rotopic «otre. H*Tpw.r 

(denoted by H,) and Hi, n pro s (denoted by H<); a conclusion which can abo be 
TOLlicd by I he application the Tflpriglir nmemmiiL (C-2 has H configuration and 
so precedes 04 which has 5 configuration and becomes the fiducial ligand V and 
Ha which IS on the right side ij thus pro-r}. 


H— C-f^OH 

"a <'3 M A 
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J co £ h 
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(XXVIJI) 


( XXIX) 


f XXX J 


J*ipure i ll A mrfcculc with pmi^niikeL^TrimriTic rent* 


3< Molecules with mure than one procliiral centre. Citric acid with ihree 
prochi ml centres provides an irueresti it£ c sample m which enuttiotcptc and 
:ia5Ecfeotopic If* coexist All ihr four methylene H’s (sec structure XXXh) 
Figure 6,13). designated H„ II P ll £ , and Hn are dining ufcha Me (by rn/ynies is 
J ‘dl ai by NMR under nppmpriatc condition*}. The topic descriptor* to each of 
ihc H's can be naignod very easily wilJi the help of the " tup-right' mnemonic, ibe 
CO;H group evidently corresponds rn ihe fiducial ligand 'a both al C-2 and C-4. 
The top-right and bottom-left mnemonics label the four tfs directly or by default. 
- pro-S fHji), pro-R (Hu), pw-R (Hr). arid pro-S (Hu), denoted by ihc first 
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subscripts or the H’s as shown in XXXIb. The C-3 atom is also prochiral, the iw c 
CHjCOjH being cnantiotopic. The OH group at C-3 is the fiducial ligand V aci 
according lo riglu-top mnemonic, ihc upper CHjCOjH is pro-/? and the lower 
one is pro-S. The subscripts uf lire groups are row added to die individual 
subscripts of H’s which are thus labeled Hsu. Hun, If**, and Hss (as in XXXlt! 
respectively, The double indexing syslcm first used by Retcy and Robinson f 19S2> 
in a somewhat modified form has Ihc advantage dial [I makes, thclopic rcFalromhi]- 
(cnnniiotopic and diastcrcotopic} immediately obvious: thus tl™ is diastcreoicpiz 
with lisa and fljut but enanliotopic with Has. 

4 . Molecules with a chiral os well as n prochiral centre, A prochiral centre in a 
molecule containing one or more chinl dements usually contains dfaslcreotopl; 
ligands which may also be specified by lopic descriptors. They are first labeled 
with appropriate R and S subscripts following the lop-right mnemonic and lo 
these is added the configurational descriptor (/? and 5) of the nearest chiral centre 
with the proviso that when two nearest chiral centres are equidistant, the one iz 
the higher priority branch at the prochiral centre is chosen. The two diostercotopk 
M's at C-3 of tf-matic add (XXXH in Figure 6.13) are thus denoted by paired 
subscripts as Hs* and Hrr. It may be noted that the second subscripts of (he citric 
arid ll's and the malic arid H’s have different connotations the former referring to 
group prochirality end the latter to central chirality. The two situations are. 
however, mutually exclusive since a cliiuil molecule fc.p., malic acid) cannot have 
emniioiGpic ligands (prochiral groupings), there being no reflection symmetry. 

S- Malceules with a prnchfrjil aiis. Molecules like a limes, biphenyls, and 
analogues when suitably substituted may have n pair of stcrcolicterotopic ligund^. 
The usual way to assign topic descriptors to such ligands is to project ihc molecule 
on in a plane in the wny it is done for determining R and S chirality (shown for 
marinetitoroallcne and for » biphenyl in Figure 6.14). preferably wills Ihc cnanlio- 
topic ligands in Ihc front. To assign lopic descriptor to IU, its priority is elevated 



(XXXIV) 
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over ihil of Hu {nlEcrnnlivdy, IJ* may be hypothetically replaced by I)). If the 
configuration of (he hypothetical chiral axis is Jf as in XXX1H, (hen H* is pw-R 
and is denoted by Ilk and so on, Similar procedure is adopted for the biphenyls 
and illustrated in XXXIV Om may use the top-riglil mnemonic in these eaves as 
shuW ei hy short arrows bui it does not offer any advantage. To make ihc 
mnemonic operative, the front ligands (be they paired or unpaired) mysl be placed 
on the horizontal line so that the arrange mem resembles a Fischer projection of a 
tetrahedral centre. Under this condition, (lie projection may not be needed since 
one can immediately see which of the caaiitiu topic ligands is on the right or on Ihc 
left of the fiducial ligand |CI in XXXIH and fir in XXXIV), 

6, Muter iik'S with a prochtnd plane. Hie avagnirtcni of descriptors loheterotupic 1 
ligands in molecules with a prothiral plane is best illustrated wilh an example, the 
para cyclop tune (Vll) m Ji^me There tire U'vrral pain, nf cnaritrolopie H's; 
Only one pair, U.* and Up, is shown jlhey arc not, interchangeable by a G, axis but 
by a o plane). To give a descriptor to M*, j| must tie given priority over Hu 
alternatively, it may be replaced by D) so that the bottom methylene C 
(underlined) becomes (he piloi atom {Chapter 5) and the hypothetical chiral plane 
has R configuration; so Ha is pro-R (Hu). Similar tv, when Jin is considered, the 
top methylene C I underlined ) becomes ihc pilot atom and Jl, becomes pto-Si Hi). 

7- Mntocwles with priKtereogeirir hui prnUrlilmJ rnilrrv A varicl v of phislrrcti- 
etnic iiioti'eiiirs cm) in in ilinMmolopic iipmids which uu vtitaliiutHin give achiral 
dinstcreumerv i,c., tl*cy do in it haw prnchiral centre or centres Much hganiK may 
be called pm £ pm ii proevL pm-tntm pro twin, pm rxo etc. depending tin the 
nature of ihc diasKrcimicin formed on their ^uhiiimnin, The nomenclature is 
'•tf I-evident and need not he disci&Mid further. 

S. Ke and Si xyidcm of nomcndtitun: for ligands. A different system of 
r'mcndatmc for siereohetercuopic ligands has been proposed by Prelqg and 
Hdniehcu (1972). somewhat similar to that used to difTerenhate heteroiopic faces 
• ■ Hanson (vide infra) The tetrahedron represented by CabXX fA in Figure 6.10) 

- divided into two cfuinliomtfrphnus halves along the a-C-b vertical plane (a two 
^cnstonal dural simplex). Each half-'pace con tains three ligands, a, h, and X (in 
•dJiiion to ihe hf.itmg (' ati’itil which when seen in llicie priority sequence 
deaenbe a clockwise or an anticlockwise direction. The half-space in which they 
an* clockwise (the observer must be in the same half-space) ts designated fle and 
the other is designated Sr. The ligands arc given the designations of (he hair-spaces 
they reside in. Thus X A in the simclurc (A) falls in the Re hair-spao? (u>tt>X1 
-ad is designated AV (X* ( | and so on. When X has the lowest or the highest 
Polity, both Hinson's and Prolog's methods give concordant results Hut when X 
m* a priority in between lliosc of the unpaired ligands, disconcardaitt results are 
rtained as in glycerol (XXV). Now the hall-spaces are to be designated by the 
direction a "* X “■b (since a>X>b) rather than a— b — X for X—'i—b) and 
■: right ha!f-spaa: becomes Si in A and X A is designated Si. Hanson’s method is 
Already extensively used in the literature and d change ol terminology at thn stage 
.• undesirable paniculariy since the correspondence between pro-R (or pm-Sh 
igands and products of isotopic substitution of R toi 5) configuration ts very 
convenient in biochemical viitalic* 
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6,3.2 Symbols for alercohclcrn topic 


(A) Enunllotoplc races. Ennntininpic faces nf molecules arc Iwrwlimcrsirinnlly 
chiral, Hanson's method for specification of such faces is cxrcmcly simple. IT the 
three ligands arranged in priority order appear clockwise in n face, the face is Re 
and if they appear anticlockwise, the face is Si as shown in llie ease of 
acetaldehyde (XXXV) (Figure 6.15). If the double bond contains (wo specifiable 
trigonal atoms, a face may be uniquely defined by two symbols one for each 
specifiable atom. This is illustrated with maleic acid (XXXVI) (here the two Tices 
are homolopic) and fumade acid fXXXVI)) (the two Taces arc cnmiiotopic). 
Olefins of the type (XXXVIII) in which one terminal contains two equivalent 
ligands require,* however, only one symbol Re or Si depending on the priority 



(XXXV) (XXXVI) (XXXVII) (XXXVIII) 

o>b> 

n^urp &J5 NftrYitndnlurc (if tclcrotogic Ties in ichini mnlrculri 


order of a, b, and = Cd> (In (he Figure. the pnoniy order *s a > b > — Cdj}: sec 
also Katouslian and Kalousiiun 1975. 

In the ease of molecules containing prochira) bivalent atoms such as the dialkyt 
sulphide (XI) (Figure 6.6). the lone electron pair is regarded as a phantom ligand 
baling the least priority so that the right face of the molecule is Re and the left face 

Si. 

(B) Diaslereofopic faces. The two carbonyl faces of 3 -hydr 0 ]tybuinnal (XXXTX) 
(Figure 6.16) are diisienwtopic (presence of ■ chiral centre). The right face is Re 
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and the left face is Si according to ihe above procedure to which i further 
subscript J? (the chirality descriptor of C-3) may be added so that the douWe- 
kiltrcd subscript RrR and Sift arc truly diaslcrcotopic. 

If the trigonal atom is pro-pscud easy m me trie as in (he general formula Ga-CO- 
Gi (Gn and G> arc enantiomeric groups), the two diasiertolopic faces as in XL 
may be designated by re (upper face) and si flower lace): the if group gets 
precedence nver 5, The lower case alphabets are used to indicate refiection- 
in variance. 

The two iliad crcotopic faces (axial nnd equatorial) of d*Muitylcyclohcxanonc 
(XXI) arc designated pro-cis and pro-/rcittt (upper and lower faces respectively) on 
the basis that a substituent when added to the upper face becomes cis and when 
added to the lower face becomes trans with respect to the f-buiyl group. The actual 
products of addition may, however, have opposite designations, e.g., trans instead 
of cis and so on {compare the alcohols obtained on reduction of XXI with 
hydrides in Figure 6,9). 

6.4 SI ereohetcro topic ligands and NMR spectroscopy 


NMR spectrosocopy can distinguish bclwern nuclei which reside in different 
environments so that they are shielded or deshielded (o different extents. Such 
nuclei differ in their chemical shifts ami are called chemical shift non-equivalent or 
gflisodupnaus. Homo topic ligands reside in identical.CQYironmenls and cannot be 
dis tinguis he d by NMR: they, show chemical shift equivalence and are called 
jS 0 £ hrvn< Ms. Enantiotopic nu clei ar e also isochronous since they reside jn env ir on- 
Dents which are geometrical ly equivalent and differ only in topography. NMRts 
an achiral probe and cannot in itself make topographical fchriral) discrimination. 
Ena nliolopic nuclei can he distinguished hy NMR only if n diaster com eric relationship 
be established by using a chiral solvent or a chiral additive with which the 
substrate forms an asset safe (solvate, complex clc.). Diastereotopic ligands (or 
nudei) reside in different environments and are, in principle, always onisochmnmu. 
The difference in chemical shifts fanisoehrony) is. however, often very small fl 
ppm or less) and may even be undetectable in which ease, one speaks of chance or 
accidental isachrony. Use of higher fields or or u C-NMft instead of Tf-NMR can 
be helpful in increasing pnisochrony^ as, especially in .'H-ISIMR, can a change of 
solvents. .. 

^6.4.1 Dia stereo topic ligands and NMR apeciroseopy 9 ' ^ 

Diflcreni types oMinsifreoidpi: nuclei (mostly proinus) nnd their spectral behaviour 
arc diiciisscd under different headings. 

1. Gemma I Ligands adjacent to i difral centre, Nair and Roberts (1957) first 
showed that methylene protons adjacent to a chiral centre are ebe mi rally non- 
equivalent. A typical example is the methyl ester of 2 v 3^dibromo-2-m ethyl propionic 
acid (XU) (Figure 6.17) in which H* and Hr arc oniiochronous and appear in the 
NMR spectrum as an AB-quartet (/ah = 10 He.) (set diagram). Although the fact 
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(hat [hey arc not symmetry related fdiastereolopic) is itself a sufficicri cause for 



2. Gcmicul nuclei adjacent to n chiral axis. Appropriately substituted biphenyls 
possess a chiral axis (Chapter 5) and suitably placed gemma I ligands therein may 
be diastcncotopic and anisochroncus. Thus the methylene protons in each of the 
CJTrOJI group in the biphenyl fXLH) ire dia stereo to pic (no a plane bisecting the 
Ha-C-Hr angle ) and so an isochronous. They appear as an AB-quartct (with 6* 
and £a at 4,05 and 4.20 ppm respectively and j A j* 12 Hz) {Meyer and Meyer. 
1063), The biphenyls need not be nccessanTy c hiral sin ce chirality is not i 
necessary condition lor diasiercotopidty. fn the. ncbiril biphenyl {XLIMh the 
gcrainol hydrogens in each ClbOli group in ring A are diastereolopic (absence of 
a plane bisecting fl^Cdli, ingle)* and so appear as an Albquorlel, The geminal 
hydrogens in CHjOH attached lo ring 0 in XLIIT. on the other hand* are 
ennniiotnpic (related by a o plane) and thus isochronous, 

3. D taste rcotnplc ligand? In cis-lrans isomers. The ds and nans isomers of 
N-benzyL-2,6-dimctbylpiperidine (XLIV and (XLV) (Figure 6.18) are classical 
examples of molecules which ore distinguished by NMR. In the cis isomer, the / 
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benzyl ic prolons Ei a and Up arc cnaotiotopic and so isochronous appearing os a 
sliarp singlet at 6 3.70 ppm (isochronous nuclei do not visibly couple with each 
other). On the other hand. H* and Hn in the trans isomer are diastrreoiopic and so 
an isochronous. They form on AD-qosrtct centred M 6 3.63 ppm (An = 14 Hz) 
(Hill and Chan. 1965). 

Another simple example showing geminaT inisochrooy or this type is 2- 
chlompropenic acid (XLVJ) in which the two terminal hydrogens form an An¬ 
nua net wilh an appreciable chemical shift difTcrenrejO.ttS ppm). 

■I. Dl:lslercn|r>plc Uganda in molecules d rvohl ti( KfcmigenJc Centres. Citric 
add (XXXI) (Figure 6,13) ami .iiinli^mi'; compounds. c.g.* PhCH(OC//iCJfih 
contain two cnanuolopic pairs of hydrogens. JL & He and llo & Ho (labels as in citric 
add). Each pair being isochronous exhibits identical chemical shifts. A member ora n 
isochronous pair (say H*) is. however, diasLereotopic and so anisochronous with a 
member of the other pair (say Hr) and the NMR spectrum shows them as an 
AB-quanet (of two protons each) similar to the diagram (Figure 6.17). In the case of 
PhCHfOGWjCIh). the methylene protons arc further split by the adjacent methyl 
hydrogens. The two methyl groups, on ihe other hand, are enantiotopic and 
isochronous. 

6.4.2 Dluslereoloplc faces and NMR spectroscopy 

The case of (->mcnthyl esters d maleic and fumaric acids (XLVII) and (XLVM - ) 

(Schurig 1977) is p very instructive one. The two faces of the malrale are homotopic 
(related by a Ci axis) while those orthefumnnttc are diastcreolopic. The twoolcfinic 
protons in each are. however, homoiopic (interchangeable through Cj axes). The 
esters form complexes wilh iron tctracarbonyl, Fc(CO)i. The faces of the maleaic 
being homoiopic, a single complex is formed (cf, cpoxidalion). The two olefioic 
protons are now diastcrcotopic (by internal comparison) due to the absence oTCj axis 
and a plane. They are thus tnisochronous and give rise to an AB-quartci in NMR. 
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The fum urate (Xl.Vtll), on ihc other hand, gives two diusteiromeric complexes 
in each of which the olefinic protons are homoiopic (related by a Ci axis) and so 
Isochronous. The two olefinic protons in one distcreomer are. however, diastereo- 
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lopic wilh the two oldTnic pmiom of the mher diiwcrcomcr fhy caicmtf 
comparison). The dkstcrcomcric tnmpleics ihm pjw rwo sinplels fi'Milting hi iwo 

peaks (not rrcc^arily nr d|lknl intensity) Tor Ihe otriinic pf .rt*< (net* Fl.d I9H2> 

..Hie lWIN original cm™ arc distinguishr,! Uy NMlt Tlmui|>Ji ..jdrmitH.n witEi 

fa ces of different lopirily, 

6.4,3 Dksfertolopic nuclei in con format inn a Ely mobile systems 

If two dfastcrcotopi'c nuclei interchange sites it a rate faster than the NMR time 
scare (determined by the Chemical shift difference of the two nuclei) 4 , they become 
isochronous due lo averaging of the environments around each. Thus the 'T- 
NMR of U-dilluorocydohexanc (XL(X) figure *.20) shows a sharp ringlet fur 
Ihc two chaste reotopie fluorines because of rapid exchange between the conferment 
(XLFX.ij and (Xl.lXb). However, ai tt Ic iti pc rain re below —SQH.', the rale of 
exchange becomes apprcctnbly slow on ihc NMR lime scale mid they show the 
expected AS-quartcL On ihc olher hand, in the cor forma ironii fly rigid molecule 
fU. the two fluorine atoms are always inisochronous. 



(XLJXc) (XLfXb) 


n P rtr 6 Dir«ra*opic fieindi in rcnformiEiociplly mobile jytnem 


6.44 intrinsic inaochrony and conformational nnisochrony 

A conformalionaEly mobile chiral molecule of Ihc type, RCJT* JL-CXYZ exists 
usually in three distinct conformations fM), (N). and (O) (Figure 6,21). The 
effective chemical shift or 11* is given by equation f I) and lhat of tf B by equation 
(2) in which n M . nu and | 1 4 , represent the fraciion.il populations of ihe rcrpccikc 
Con formers al a particular temperature and 6,*. fly/. and 6/* (he Chemical shiftst 
in con formers wilh Ihe proton concerned phuvd between X and Y. Y ami Z. and 
7, and X respectively. Assuming dial A., v fur 11* n ( unU h\ v for lt h *mj u. on 
(which may nol be exactly irtic) and lhat the chemical shifts are ihc wciplltcd 
average shifts or Ihc conlrfbuting confomicrs (which is posdbly irue), the difference 
of the chemical shifts of Jl* and H« can be obtained ss the difference between 
expressions fj) and (2) which primarily depends on the relalivc populations 


p nie raff l*)oTi procca ii .to on Hit NMH vile if *>>54^2 wlhrra ^ i* thediffcrente in 
chemical diifis fin liriofihccichinrinf ciuriei fvciVin Chapter 5). 

f Actually^. 1iic*c vahrci will vary iltehtly for the I wo prolor.c iiuJ hence those lot H* tre iltn«oJ w?ih 
prime* in equation ( 2 ). 


Scanned by CamScanner 














Tfipicity and Frostavoiiomcrisin 137 


H 


8 


H. 


8 


X 


M. 


H 


fi 


n M^r +n N ^YZ + n Q " 

^H a " n 0 ^XY + n M^YZ + n rt &XZ.....f23 

Rpire 6.1 J fninnsic Anbttfcran? in »n forma lionnly mobile sj^em 

^irbT.l™l«?l ran |f nI,m , N0 ’: 111 t,ifh '“I’'"' 1 -™- 'he 'hrec enn formers 
shnudTf u y ! ’ 0p “ la ' ci1 * n<1 ,,1C chemical shift difference 
should lend to be zero: however, this is not obscr^d in practice. The reason i<i thm 

1 ! c X' ( ? nnienl *!* jn , ,hc COf,r ° rmcI fM) v-i'th H* Hanked by X and y is not 
sin^ in | h K T C “ !f al ° f Mn ,fl ,he C0|,r<,fniCr fOl wi[b N„ Hanked by X and V 
*' “ ' hc W 131 0,111 10 V whi,c in thc ^ R is anti i 0 X. The residual 

■nisochrtmy il high temperature which is independent of population false of 

“ 7^ rc) li bown . M 'Mnnsif' animefiron/ in contrast to the other component 

^L7rZ n/ 77 f,0na t an ^ hrQH/ which "finales from the difference in 
wnfi^r popuUi.om and .s icmpcrottire dependent (sec Jackman and StemhelJ 
hUnnK .imsochrony Treed from conformational anisochrony at room 

fUWIW tlK™ "Tm ^ li^ «ic bicyeNc trisulphoaide 

C C hoIdT 6 \ 2 m i WhlCh ‘ '■ ‘ hreC colir ° rmcPi ■MR out of rotation around 
C C bond fas shown > arc equivalent due to the presence of* c. axis fpassini- 
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] 28 Stereochemistry 

through C-l and C-4) aisd so are equally populated. The difference in the chemical 
shifts of Mc^ and Me* (0.038 ppm in pyridine) is thus solely due to intrinsic 
anisochreny (Frnnzci and Binsch 1973). When CHi eroupn ire replaced by CFi, 
6 ab fi 0.282 ppm f"F-NMR). 

6.4.5 Enan(Eotopic nuclei and NMR spectroscopy 

Enantioiopic nuclei are isochronous under normal conditions. However, they can 
develop measurable unisochrony in the presence of chiral tolvcnts and additives 
wiih which the Substrates form transient associates *. Thus dimtihylsulphoxidc 
(OI.SOCHO conmins two fcruntioiopic) isochronous Me groups. Eul when ihc 
spectrum is taken in optically active PhCHOJlCF, fwhh which sulphnsidcs form 
some sort of associate), the two Me groups arc wen ns a doublet separated hy 0.02 
ppm. Clnral solvents and chinil shift m;-cms (t\j?.. Ml) jur widely used lo 
differentiate between two enantiomer*, i.e.. Ixlwecn nuclei which nre eilniiliolupic 
by cxicnwl comparison and in determine the vitamin merit: excess in parinlly 
racemic mixtures by quanlification of the sign.iU due lo two species (see Chapter 
8 )- 

6.4.6 Isopamous and anisopamous nuclei 

An isochronous nuclei couple with one mother but the isochronous ones do rot. 
Two an isochronous nuclei when coupled with a third nucleus for the same kind or 
of different kinds, t f., ‘H. U C, ,W F etc.) have different coupling constants. This 
properly is called spin coupling tion-cquivalcncc or anitogamj and Ihc nuclei arc 
called attisogamous (see Binsch et al 1971). Diastereotopir nuclei arc both ;miso¬ 
chronous and anisogamous. 

Of more immediate interest are certain homotopic or enantioiopic nuclei which 
do not couple with one another (because of isoebnony) but do couple with a IhinJ 
nucleus with different coupling constants, i.e„ are anJsogamous. The third nucleus 
must hive at least one homotopic or ennmiotoplc counterpart: otherwise it has to 
be symmetrically placed with respect tn Ihc two isochronous nuclei (symmetry 
requirement) which would necessarily be isogamous as H* and Ha', in U)l (with 
respeci to their coupling with F) (Figure 6.23), The simplest system in which 


The principle U ctplainn) u ffllluwi. It l« and birc i*t) rnwlintnpit nuclei tcilhcr inrcml or 
citcnifll cortipirixin) and A* i> a chiral wKrin or additive. two equilibria are established (for ibe 
nke ef rimplidiy, ■ubtriam trv equated wilb tfw lipnds) : 

l» + A* •*" L »~A, U + A* ^ U-A# 

Tbt txchanrt ra«« I fa am] *,) are loo fid on ihc NMft Kent stale an ihat the cbrmital chin nr L, 
bfl^trajedoul between that fit fire U and lhal of Ihc i«cditc La-A h; inr.itarly. the chrmical sbih of 
U ® swsfnl DUI between dial nt L. )«d that or ihc jurciale L.-Ah, Since ihc phlfta of ihv 
d iaMrrmmc rlr isofiair* L»-A» and L&-A» arc wH Uie same, a ltd ahn hrwin*r Ihry awvima mov 
wl be formed ,ir the same rale ilir otiwrvtd (hrmidl shrfo tor rhe c^n inhijlly enjTHioincrie 

srectn (or ennniloiopfe lijrandjl ire rot ihe same. Th# ea<e it different front lire one in wrbieh 
rclaiin-tjr stable dlaurrcnmeric asrriain or KMipdeilC* ire famed an ibnl even if fhe Silvern or 
adJUrtf if raremie, two rifimk nre nh«er«ttf fur Ihc lw» iliioirrnimen 
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misogamy or isochronous nuclei is expected musi i here Tore correspond 10 AjB ; or 
sore precisely, AA'BB' type such as UV. In lliis molecule n is not equal to 
• eor Jwa lo JIi'a) and Ha nnd I I/, ns also J In and Hu' are thus anisogiimnns. Even 
iis cannot he generalised since 1,1-difluoroallene (LV) or CH;Fi which coire*- 
poods to AA'BB' lype has a pair of H’s and a pair or Fs which are isochronous as 
-tD as isogtunous. Some symmetry rest riel ion has lo be imposed on such 
—decides in order lo have amsogamy in isochronous nuclei. According lo Mislow 
rfted by Elirl 1932), if in a spin system or the type AA'BB', Substitution of one of 
B*s by a different nucleus Z leads to a system A 7 BZ in which the two 
= 2 clei A and A' are no longer interchangeable by symmetry operation or any kind 
(C, or 5n),then B and B' are amsogamous ps in LJV; ir, on the other hand, in 
A:BZ, two A f s are interchangeable by a symmetry operation, then the two B\s arc 
3ocimous as in LV*. The methylene protons in 3-bnomopropionic acid f LVI) are 
example; or enan tin topic nuclei which aic isochronous and anfsogamous (the 
molecule conforms to the above symmetry criterion). 

s-5 Pmslereflisomerism and stereoisomerism 

Molecules with si creche Eero to pic liguruls and faces are prostcreogenfc and an 
■ rrropriatc chemical (nr hinchcraicnll reaction transforms them in in stereoisomers. 
The siacochemiinl on koine imd the relative rates nf relictions depend on the topic 
-^jiionsliip or Ihc ligands (or faces), ihq nature nf lire rengems (chiral nnd ochlral), 
*‘d the reaction conditions in general. In reactions with hekro topic ligands or 
lies, one or [he other of lhe stereoisomers is formed in excess leading to what is 
iizovn as stereoselective synthesis. The reactions may be discussed under two 

— ad headings; chemical reactions using laboratory reagents and biochemical 
~=actions mediated through enzymes. 

- i I Chemical IntnsrornulJon.s of hclenolupic ligands nnd faces 

The differential behaviour or stcrcuhclcrolopic ligands hud faces provides the basis 
:f many stereoselective reactions which will be discussed in chapters on dynamic 


'irflianMul of oac H a in L1V hj Z makes ihc Iwti IL'i cocistiniliunilly Jiclerotopic iml » Lin and 
£*' ire ini]Q|iingws fwhfcli afso hold) tor JU ini Kt'l. Rcpticeruedt at richer iHgri F uiim in 
LV bjr Z gives an pi lent in which, Ihc two liomuniorpliit nuclei (Fs or ET*> arc ccuotiaiopte 
JiswiiTonoiis) and so both ITs utd Fs in LV iic isefiniwus. 
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130 Sfcrcochemutry 

onI * * few P'nerjil observations which almost parallel those 
under NMR spectroscopy are made. 

m Homotopc Ifgaruis nr d Faces nrc identical in a!! respecris and hence .nv 
I? i° n fsu .7 1, I lull0n w "Mitioo) involving ihem. whether it Ja carried out with 
chiral or achiral reagents (including environ me nli), gives identical product. In caie 

1° 5 fcn t! d > ,hc >’ ■« i" Ihe same ratio f™m «h* 

' ° 'W?* » &<*■• Thus ehlorocarbcnc (:CHCl) adds lo cilher of [ht , w0 
horaoiopjc faces of ctj^buicnc giving two dUstcreomerie products; a cvclo- 
pro^ne With all the three SuHltilucnl* ci* and « cyclopropane wilh Cl tran. (f > 

cilher"?* - MC BmUP5 ’ n,<5 r;i "° nf ,llC tW ° “ lhc same fw ,hc Ktuainn on 

,J1 HZ'"-'*'?* l,Sftrt * V r f,,m wi,h nchiT *' <* m achiral ci,v,W 

. J' IWo « n ™l | mncr* via enantiomeric transition slates which arc of 

r f nc . r ^L nTC <Wt ! cnnntmJW:rit “ products lire, therefore, funned in muit 
two diSte f lh£? '* ??*"" ° f if i,V w * clil>n ijs »n H cl li in I hi odium 

intfomm « iH e r C l ?“ J " 0 " mJ,y ^ fo,mctJ eilher to (wo cn- 

JSiiSSr" ( “" icr kin ' fal “ mral ’ ” uncq ’“ 1 “«• 

,Jj? H 8 ™* *” d flces undtr * 0 either wih .chiral or 

^ ? £h ? ,flsr ™ rncnc transihon stales which differ in all their 
thermodynamical properties and two or more diastertomeric products are Termed 

undf^r-^r ” !, hUS !? djfTcrent " m0unlt Such rcacti0,ts whether carried out 
under heretical or under thermodynamical control are stcreoseleciive to a greater 

BV ci “S*n* lhc reaction conditions and (he nature of the reagents, 
stereoselectivity may be improved even to the ement of 100%. 

6.S2 Biochemical transformations of heierofoplc ligands anil fae M 

Biochemical I runs formations nrc carried out through lhc agency of enzyme (j s 
catalysts}. Enzymes are protein molecules constituted of a lame number of 
opt,ally active amino adds and represent a class of most efficient chiral Tcirents.f 
As such they nrc capable of disenminaling between iwo ligands and faces which 
are ennntioiopic by catena] comparison fas in eoaniiomm) or by internal 

2™; ” " pf0chl ™ t «*"■“>■ Like a true cablyM. an enzyme adsorbs (he 
substrate molecules on ■& surface and orients (hem in such » fashion that the 
racimg group is brought in jiuu posit ion to lhc *clive site present in the enzyme 
fknown as a proslhe.ic group) or in a suitably bound coenryme The 

ouiTn'h?^ 1 ^ ' cnzy ™ and substrB,c flrc hi * hly *“** 50 ,hat ° n| y 
out of lhc two diistereomenc tnnsitioD state is favoured, the other being almost 

™“ C “? d f E * n “ in free ° r activation. Thus the enzyme 

i ally net on only one of the two enantiomers—a property known ns slcreiv 
jcoficit^ndin the case orptcchiraJ molecules wild only one of the enaruio- 
topic ligands or faeesr~a property known as sierenselcctiviiy (sec Chapter 13 For 

# Nii ripctimenii] lnlPi hu*nrt, ,f Wll 

****' " ln,l 1 U,ni tef ' rir,k|1 " r Instilnt pt-Htmi tfilhf, 

' 9 " V C MWfr i,k rn,lfn>t ' * ,tJ ulilH-rlr ^iriMl-fc* 
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terminology). The first kind of reactions is illustrated by the enzymatic hydrolysis 
of the N-acttyl derivatives of a D,L-pair or amino nrids when one of the 
enantiomer (usually the derivative of Ihe naturally occurring L-isomei) is hydrolysed 
much faster (sometimes by * factor of 10') than ihc other The second kind is 
illustrated by the phosphorylation of glycerol when the pro -R hydroiymethyleae 
group is estenfied exclusively by adenosine triphosphate (ATP) in the presence of 
an enzyme (glycerol kinaseX 

Enzymatic disenmination between enantioineis and between enantiotopic ligands 

u'JLnfcTftST “!SS I? 1 F ° r deUikd stU£j * thc r “ dcr " Kftrttd ( o (wo 

" v ■' f^nlley 1970: Alwonh 19S2) and many reviews (see Eliel 1982), Two 

“7™ lic *^ ri ™ nalioft stereohetcroiopjc ligands fin addition to 
™ above) are discussed below, 

(A) Enzyme mediated reduction of acetaldehyde io ethanol * Acetaldehyde is 
reduced to ethanol with yeast alcohol dehydrogenase (YAD) in the presence of the 
: >dr, lc donaung coenzyme NA DU (reduced form of nicotinamide adenine 
dmudtDlideX Jn the revere reaction, ethanol is oxidised to xetUiTdchydr by the 
form of the cocm-yme fNAlF) (Figure 6.24). Several stereochemical 
poni bullies exist m Una apparently simple oxidation-reduction sequence. Acetal* 
Sr 6 , 1 !" lwo ™^topic faces and hydride may be transferred to cither face- 
r.Ljn.ol has two snantiotopfc hydrogens (H„ and H<) and cither of them may be 
transferred to NAD . NAD* has two faces (to and Si) and either of them can 
*??h F ioaUy, NADH has two enantiotopic hydrogens (Et. and K ) 

“ ** rcdL,cbon »*P- The facts which have 
1 , “ b ? . d arc: rJ > ° n] y th c Re or both acetaldehyde cud NAD* are 
u ° V r» *" i 11 ^ on ^ ethanol and NADH participates in the reactions 

H or D which arc transferred are circled in the Figure). The proofs are as follow 
insult the Figure); 



J/ 
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(0 When aceinkfchydD*] -d 1 is reduced. Spinel t-d is formed exclusively 
which proves that ihc Re face of acetaldehyde is Attacked. 

«"!* rCaninn ’ ^eHumoM-rf *to buck (he origmnl dcnlcmted 

■cetoldcMe which means (hat the circled H (H, in ethanol) is transferred. 

. > ]’ ov ' f° iTlls h **e Iwn further confirmed by converting S- 

cthanaM-rf min ftcOnd-l-rf nd nihmining it m NAlV-VAf) n.ktaiion. 
Acttnlilcli)ilc devoid of deulcnum is obtained meaning that 1) (circled) which 
occupies ibe position of Hk in cittinol fa transferred. 

Tx complete stereoselectivity of this oxidation- reduction process means that the 
orientations of the substraics, the enzyme’s binding sites, and the coenzvme 
Jissocmtcd with it are such that one of the two diastereomerie transition states for 
a particular reaction (oxidation or reduction) is favoured greaUy over the other so 
that only one ligand or face fa involved in the hydride transfer 

(B) Gtric acid cycle (port). Citric add (XXXJ) (Figure 6.25) fa a suggested 
interred in lc in the eozyoiahc conversion of p>Tuvic arid into 2-curalutanc arid 
(LVm). On cirbonylalion of pyruvic acid wilt labeled C*0;, oJoacetic aSd 
«' h C* at ihc top CO:H group fLVII) is obtained. A«tylcocniym(-A 
(CHgCOSCoA) converts ii into citric acid with the labeled C* in one or the two 
CHjCQ.II groups (that this fa the pro-R group ns. shown in the Figure his been 
proved by experiments with tritfated citric add). 2-Oxngltiumc acid iLVfN) 
obtained « an faoIabTe product is found to be labeled only at one of the carixml 
group, the one placed at the lop of the structure which means ihnt the enzyme has 
converted only ore of the CHjCQII group*, the pro-S one fdcrived from 
HCc(y I coenzyme-A) into COCOjH. This fa further confirmed when the other 
carboxyl group fa labeled by using ClbC*OSCoA in the second step: ihe 2* 
oxogluLanc acid now has C" in the bottom carboxyl group in the structure (LVHl), 
This once again proves that an enzyme can discriminate between two emritfoinric 
ligands (Before this was recognised, doubt had been mfatd retarding citric nckl 
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"“i in inicrcncJintc because of isolation of a singly labeled 2*iixo^lut,iricadii}, 

1: bis been mentioned earlier that the four hydrogens of citric acid are different 
izd so can be distinguished by enzymes. Citric add is dehydrated reversibly by the 
= 7 ne neon it a sc giving e£r-aconiiic add (LJX). li has been proved by labeling 
rr^erinencs that it is the prv-R hydrogen ofthe pro-R CH:CO;H group. i.e„ M*v 
'br rotntndsiiiic. see Figure 6*13) which takes part in dehydration (for details, 
^ Alison i and El id 1969), During the enzymatic hydrol ysis of cir-aconiiic acid 
= DtO, only one deuterium atom i* introduced at the site of IUr to give 
rcrxleuterated citric acid fLX). 

Before the symmetry criterion wis applied tn enanttotopic ligands, e mcehani&lie 
was given by Ogston (1048) for the ability of smynits to distinguish 
two paired ligands in molecules oF the type Cabdd on (he basis of three* 
Toei contact model (see any biochemistry teal). The model, however, while 
rrvding ft viable kinetic picture, may obscure the intrinsic, symmetry-based 
ifircnce between heterotopic group*. 

: 6 Summary 

I. Prostereoisomeriim is a property of certain molecules by virtue of which they 
r: capable of giving rise to stereoisomers (cnnnlitinicrs or iliastereonicrs). Such 
eciecvlcs contain either ni)(Ki|nivjik‘ii[ himnmmphk: ligands or faces rtplncc- 
of. Or addition to, first hoc anti then the oilier of which pirn slcreoisonieric 
rraJjcis. 

t- Such homomorphic non*cquivalent ligands or faces are known as stereo* 
t^^ctopic; they are fur her subdivided into cnamiotopic and uijsterontopic 
: 3 zds and faces. The former reside in geometrically equivalent molecular environ- 
reca having mirror-image relationship and replacement or addition gives (Mtt- 
ij^rric products. In contrast, diuiercotopic ligands or faces reside in diasterc* 
environments and on substitution or addition give diasteteomers. By 
ttialt, when ligands or faces reside in completely identical environments, replace¬ 
ment or addition gives rise to a single product; such (equivalent) ligands or faces 
lt called homoiopic, 

3. The three types of ligands can be distinguished by symmelry criteria also. 
Hc^otopic ligands or faces interchange their positions by the operation or 

^ictry elements of the first kind, i.c., G. axis. Enantiotopic ligands or fades 
=^rcharge their positions only by operation of symmetry elements of the second 
ted t.e., u plane, L ind S.. Molecules with enantiotopic ligands Or faces are 
urab!e of giving two enantiomers and arc known as proehiral. In analogy with 
steal or stercogcnic elements, the proehiral or prostcreogenic elements can be 
ir^rised into proslcrcoeentres. prosiercoaxcs, and prostcreoplanes. 

4. Descriptor; for sicreoheie rota pic ligands and fnecs have been devised in dose 
gqlofy with those used Tor chiral molecules fW and 5). A ligand is thus called 
r^~R or pro-S (and denoted by U ind L? respectively) following a certain 
s-vfntioa which is consistent wiLh C1P nomenclature and has been explained in 
-~c text, A mnemonic has been worked out for ihc #>Kipnmcnt of pro-R and prv+5 
rebels to stcreohcterolopic ligands. 
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S. Ilomniopjc nuclei, bemuse or their idcotkal cavinmmenb hnw the ,mie 

I^ i^V" NMR L and are ra1kd Thev « rfbE 

an> phj ? C81 ° f ChcmFcal mcib ^ Enantfoiopic ligands are .to 
Z? y VmUr l°i <heil ^ 0pctrical J f “l^lnit environments. However, 
£*£?=* T ■ dCa *2^ d by C,Cftt,n < ■“«*«■** environments either 
Sk^p S | h Sp , Cct f um ,n a . chiri1 mtdiura (solvent) or in the presence or ft chiral 
additive Ligands m enantiomers (enantictopic by external comparison) or in 

(enan.ioto^ by internal comparison) may fonTlmrient and 
* ******* or complexes with chiral solvents or additives and 

U - have dirfcrcm chemFcjl] sMfe Diasiereotopic 
1 Si !*?'" eis . arc dirlinguishable in principle and vcryortei/fo 

pm:Ei«, Such nude i, bamng accidental isoch rony, are a n isochronous. ^ 

enLinE^f effectively discriminate between enantiomers as well as between 

I ^ r , C1Cl ™ lh ° nC ° f 11 paif of 1 “-Uoaini 

^ 1 °^JS? pral l d,y flnd ^ ,h one of1he fnamibtopic lipands or faces with 
stereoselectivity. Several examples ©r enzymatic reaciions have been given. 
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Chapter 7 


Kaa'inisaltoit ;itid Melfiods of Resolution 


Introduction 

compound'; are usually available either in enanticimcocally pure f optically 
form* e.g„ most of the mural products with one or more chiral centre*, or 
~;rrn,tc modification, c,£„ those synthesised in the laboratory using achiral 
ics. reagents, and media, When an enantiomer is converted into a racemic 
on (usually through chemical reactions). the process is known as 
sion. Conversely* when a racemic modification is separated into its 
t enantiomers, the process is known as rvsolwron. In the latter process, 
rotation is enhanced 1 a phenomenon called optical acfiwtfan) and equals to 
1 pure enantiomer in the ease of complete resolution. Race mi so l ion and 
- on are thus complementary lo each other 
*■acemisation is a thermodynamically favourable process fit leads to an increase 
=£-ofjy, ace Chapter 3) and would proceed spontaneously if a convenient 
® available for the inter con version of the enantiomers Any mechanism of 
lien* in principle, must operate from either of the enantiomers, Racemira- 
<m the sense of enantiomeric! ion) u. therefore, a reversible process, 
” ')’ may formally be regarded as a reaction in which half of one 
er undergoes inversion or dm figuration and the other half retain* it 
non, although in fact the (wo forms remain in dynamic equilibrium in the 
medium with 50:50 poputaijon (AG* = 0 and so K - 1), 
i molecule contains more than one chiral centre and configurational inversion 
r:ace, say revcrcibly, at one centre only, the product formed is not the 
r.er of the original but a diasicreomcT. more specifically, an epimrr and the 
tilled epftKLJ isntion. The two cpimcrs whi in nrn|iial amounts in 
m tj'cy differ in their free energies. Fpimero.il inn may be earned 
* n CMOllomerlcally pure diioereomcr, or on its racemic modification, or 
^° ,nor ■ Raccmblltian ii usually monitored by ulwerving the product] 
nf optical rotation. In cpimerisation. if rotations of both the cpimers are 
ihe change in optical rotation of the reacting mixture may be used to 
±e progress of cpi me reunion. However, nowaday* NMR, particularly !1 (\ 
“ovides a good probe for monitoring cpimcmaticm of both optically active 
leave stereoisomers. 

? ^ ^iou or a racemic modification is cm altogether different proposition. Since 
-in&omcrs behave identically in achiral environments, they cannot be 


■ m 
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Stereochemistry 


@Sg£SS»»su»s 

7.2 Mcchiinicnis of race miss ion 

In'lTo' 1 n7™"!" “ rrinl c "™«' '<•»«"'"■ H*- cn.mtu.pc, , K „.1l y 

im” ir, T' Cl ' " Ic ii u tnm»1k>n sine ,.r .p 

crmctl stc jo Him when .he molmitc is reformed, ihc Wo craniiomtn ire 
Traduced wilh equal facility and in equal smqunis, n, CMe of ra « miBlti „ n 

Itoats^nd fhr"" 0 ™ ir ", 0,VCd Whlch “ '“™ depends on the nature of ihe 
substrates and the reagents employed, 

7,2.1 Meehan ism involving carbanions 

«U Icirahcftnl chiral centre jit removed hy lictcrolytic cleavage leaving 

ihJ S[ ! CC,CS ‘ c Jr a ca,tl5ln,0T1 ‘ latter undergoes rapid inversion so 

that when the l.gand recombines. ,i can do so either from the same side it left (a 

no mob eu I reaction accompanied with rdenlion of cor fig nr.il ion) or from the 
opposnes'deffl heterofacial reaction accompanied with inversion of configuration) 
The iwo approaches arc cnaniiomOrphic and so equally facile giving a product 
Inch is racemic, Generally, an acidic proton is removed using mild to drone 
ST "* ““‘f Mm*Ue «nd sodium .Ike,ides (jp .pp^prii* soWmf 

r»o examples are given m equations (!) anti [21, 


PhC-ChlMtlCH-Mff 


'Oh 


H 


0 PhC-CfMe)eH 2 M« 
1 O 


Ph- 


C“CtMe]CH 2 Mc (|) 
O’ 


Ptl—CH—COrjH 
1“ ^ 
Oh 


OH 

C-n=^l 

H^O 


ph — c—cOj Ph-cwc; 
OH Oh 


t?J 


The domed anion m each case is stabilised by resonance which facilitates their 
formation under basic condition. Phenyl j-hmyi fcetnnc (in cqn. 1) undergoes easy 
mccmimiion (wirh nquenus NaOJlX m.inifriic acid (in i’i|ri, 2) and laitie acid itn 
so much less readily, and aimMcn’c acid, HiUMcXOJUCOJI with no enulisahte 
11 nut raccniisc at all, The modi nn ism is ihc si me a_i i7i.i( fm kcm-timl 
lautomerism, ha logenation, and deuterium exchange in cnolisable carbonyl com¬ 
pounds. 

When the concerned proton is very acidic as in the disulphotic feqn. 3), the 


*A (trailedraI rtinl emirc can change iu cbinllij if i«t> of iis ligand* at? imrwhanfed Ihronfh 
chemical imrrMnrmiiiiiwi. tt ihc inlrrrfinvcrsiivi h rinird m\ m Sfl*. n rju^ihk RMNiorr iiotunrnrJ 
wlthnlM Jimitvinp in irhlinl tranilitti Male nr mirfninliair, 
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caibanjon may form in appropriate solvents without any base and raremisation 
lakes place spnmancouslyr 

Ip] fcHO-C^H^-SOj-CiltH-lJ-UOjPh^S. 

MjO* 

(pi W*0-C 6 H 4 -5O 2 ’C!M^^S0 3 Ph r3) 

A mineral and may also cfTcd raccmbaiion of a kcionc containing an 
Ihiouph ihe IIII crim'd in Tr cnnl fi‘i|n.4 ). 


7.2,2 Mechanism involving rarlmnlum ions 

A {roup fplearnn-wiihdtawrnp) may be dcurchtd from a chiral ten ire u-iih ta 
elcdron pair Ifaviny behind a cationic spears, e g.. a carhocalion which beat™ of 
lts F . ar . slruc,Ljrc rS achiral, Kecombinalion of the anion, therefore, leads lo 
raccmiMtion. The mechanism operates when ihe substrate is capable of akine riw 
to a stable carbocatfon fbenrylir. allylie, or lertiary) The reagents used are Lewis 

SlilK Mich IS.. jviiNieMwidc kifii. 5 ). nliimrniiiin iWchloritlc. and line 

chloride and sqmclimcs a mineral acid feqn. C\ 


[+) PhCH t Sb cig PhC—Me + SbCI^ [-} phCH—M b + SbCl* 
I. I 3 

C H , <5f 

F r Rgft 3 CH + 2H 2 50 q —R ): R 2 R 3 c' + HSD^ t S 0 2 r 2H^0 

R|R £ R 3 C* + R, n^RjCH^R, FT^CH t ere. I &1 


72J Mechanism In yoking free radicals 

A Free radical has j near planar sirudure fChapier 4) and ir a chiral cenlre h 
convened mto a free radical pair by homoTylic cleavapt of a bond, ihe recombi- 
^V 10 * 1 ™ !ht P- 1[r wodW lead (0 a racemic product. Suhstraies which produce 
C allylit lertiary) may undergo race motion 

_ ou^h ibis mechanism under the influence of heal or light Thu*; o-chlorocihyU 
v^enc f, n erfo. 5) in enajiiiomcrically pure form when disiilled under normal 
.rasure, underpoes eirlensive racemisation. I lydrogcniiTj on-dehydrogenation »t- 
aysfe e p., Pd-C can raccmise a chiral centre containing a H atom ihrnugh radical 


- -I Meehan km involving sfalilr vyrtimcIrFml tnlrrmeiliHlr 

^ rertain civs, ihe enrintfomert for ilijiMrrcdinm't nrc intrrcnnveiiLil ihmm.h 
uhre hsnTnhtcl achiral miLTnuilimr?. .iihI pvt ra<vmiscil {ikrvpmtc rived |. A dowimJ 
riampfe fc provided by Mccrwrin^nndoff-Vcrlcy/OpiicriLirr mJuclinn-Mjtlnlinn 
rrocedure fM-P-V) m whrch a secondary alcohol in (he form of its aluminium 


il In loch Onr PnmhirMi nntu 
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derivniiw is hcalctl wiNi n irnw of a Mnne rrj. nLvtnnri Tk* i P i • v , 

==^=s.;:x~~:S 


H 

I We 

A-C-OM+ JX=;0 
L Me 


fi-C=0 + JU*-C-pMrtR-i».o w "S;p, 0 
Mi j!f Wi 

t7) 


T l 


In !£ »"i!l lh ™ 1 k l T' iCuM) ’ 5ui,nhk filr muillbnrion or cyclic wcraid,,ry cfcohoh 

SETT* ” *"* ,m Lima,. 

ll . ra ^■■cos'-cfcs derived from secondary alcnhots (M~ Ni K f il nn nm w i 
hejun, in the presence of , ,n«- or ke.ono pJJ 

beiwu.ii cnaniiomcnc w epmerie alcohols ihtmififa an inaWfiui media nfcm a 
pnnury alcohol or ihe lype RH.CHCH.QH ab« pets mcn£d bv hcL^'.h 

^C^rr a " aW ?^ C ™ fCHC,, ° forms the ’enable anion. 
KK.L^uro before (I is convened back imp ihe alcohol. 

leartJort'fnTh/^ af ’ d Ch ! 0fide ° T an °f yfcfll| I 3 *ive carboxylic arid, dt™ 
keiencfeqo, B), ° f a fer1iar * aminc - undcijors racem.^non Ihrouph a 


^CHG0 2 H 

R l 

It) (tr (-) 


v ei 3 n 

^cmcoci — 


h 2 o r *. 

c=c^o - J;ckco ? h 
" i 

fii raj 


7.2.5 Ilaccmismion through rotation around bnnds 

Ihm^h'mr««"h‘omeia fChapter 31. mccmmiinn iak« place 
lakes nkVe lejid'l*^ * Sin . pI * 0r bonds and die inicrcnn version usually 
r™ * dt y Vm ®" ncl " ral ^fo'malion. This has been nlrenily iTIrUraied 
for atrnp.somcr,,. c.p.. nplicafly aciiv* biphenyls (Chapter 5) " n T£ 2 

Z , T^ h ^ rtnd ? "" b " lk plared Mitmtilunnli 

t , " cnnnliomaic fllropsscmers racemisc bv 'innHciiinn nf heif which 

^■~cr i , c 1 ! ,i ^ ’" j ,ori h,nj - wi- <■? 

cnanriomcn to cross the planar trarauon nai Cl 
Cyrirc compounds which exist Jn enantiomeric conformations ee „> . ? 

gcsssm »a»*aMa=“ 
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rinp L picremtdfrtlr tang OTi, ria '“ 1 , ' S W Tlw g" 0 phenl ' 1 

,o 

(ttuups Conning ihr vcriuw lift icirnh 0 ! 1 fu! b,pbtn 5 rl “ ml W1lh •■* four nitre 
eliminates the Uib I 1 0 ".b ” 1^ °" ^ lk ■« ■«»> 

The net <* «-» "fate molecule! 

Mo T to C, point g mupt ±”' ,,y * 

I here is, it Du ever, a fourth structural raiure/iilThA^i . ", ™ lm *E e 

whole an rotate .round two rdn^T u lllH^ M I! 1 . V '^ (PU ! k * bo »>“» 
and earboxyljrc prour* A mlalinn of gn* ^ 5,I ^ C Contis joining (he phenyl 

M* .0 une aak r °*»«* 

iii origin similar to the Iwo pniithe rnnfcr an* thus conformational 

difference Thai Ibcv do not bvn„ n ' b ' llATK fCha l> ler 9> with the 

coantiomer^iion **“ th ™ eh ** «"*""»** during 



7.2.6 Cun n^u ratio mil chariot In suli<1Iiufton rcacfktes 

In a nurfeophiFie suteltuitian reaction. if substitution lakes place m a chiral centre, 
eg, when V display X in RR,R 3 C-X to fire RRgRjC-Y. cornpuralidnsi 
Uinngc occurs the nature of which depends on the mechanhin. The case is. 
however, quite distinct from ntcemisanon since a different chiral centre is formed 
m the place of die nnginal (unless X ~ Y). Three things, may happen: the produci 
may re racemic even though the starting! material i$ optically active; the product 
may retain ihe configuration of the original molecule (Y in place of X): or it may 
undergo in inversion of configuration ai the chiral centre. In SnJ reactions. X" 
departs first in a rotc-dcterminin|i step leaving behind a catbomum ion which, as 
has already been noted, has a planar structure 1 and so extensive raecimsatior, occtn? 
in the product, Tn $*2 reactions, the incoming nucleophile (V) initiates the 
reaction Tram the back while X“ leaves the molecule from ihe front fa hcferofsrial 
reaction) in a concerted process as shown in Figure 12* The chi ml cenlre ihus 


‘Chtulal pipult tj Jjtrvtfl id CtajHrr |J. 
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phenomenon of iavenion willi the help of a few reaction sequences (see Kr^cr 
and Rjisimtssr-n 1972), one of wliicli is shown in Figure 7,4. )-Malic acid on 

ircaifnciu wiih phiucphoni* | v pi lit chloride gives {l )-cM«nwucdnic acid while on 
treatment with thionvl chloride gives f VchTorosuccinic acid. Obviously, in one 
of Ihe reactions, inversion of configuration has occurred. It Is now known that the 
first reaction goes with inversion (Sri 2) and the second with retention (S*i) but at 


C0 o H 
t A 

H-C-CJ - 
, I 

ch 2 co 2 h 

{ + ) 



HO —C — H 

I 


CO,H 

| 2 SOCL 


CHgCOgH 
'S'-f — I Mo lie acid 


COoH 

I * 

cr—c —h 

1 

ch 2 co 2 h 

(-1 


Flpir T.4 An Kumplt cf WjHco invenmn 


that time it could not be known (sign of relation is no guide for configuration), A 
more pertinent example which definitely proves that inversion of configuration 
accompanies an 5^2 reaction Is provided by the sequence of reactions given io 
Figure 7.5, ThM + yenantiomcr of the alcohol (IV) is converted in three steps 
into the f-J-enanliomer (IVa). Tosyktion and hydrolysis of acetate (first and the 
third steps) do nol involve the chiral centre and inversion (d-signated by a loop), 

iherefore, must have occurred at the second step in which the acetate replaces the 
losytetc group by Sn 2 mechanism. 


Mt 


PfiCHjiCHOH 

ft) 

fIV) 


Tsci 7* Acer ^ Ac 

--- f*hCH 2 CHOTs — n *- PhCHgCH 



(JVfl) 


FJaun 7.S Inlcrowtvtninn pT (tiisniimtifn ilijenfli WtUfcn favenim 

7.3 Asymmetric transformation and mu tarn! n( ion 

A compound with a labile chiral centre can undergo configurational change in 
solution through any of the mechanisms discussed before and eventually lead 10 
equilibrium. If that is the only chiral centre in ihe molecule, all that happens under 
achiral conditions is complete racemiution. If, on ihe oihcr hand, there exists a 
chiral element in ihe environment, nnc or Ihe oihcr of the enantiomers would 
predominate in equilibrium leading to what is known as 'asymmetre uamlarmBiitm*. 
The second chiral element may arise from a chiral solvent, a chiral counter ion, or 
a covalently linked chiral grouping present either in the molecule itself (in which 
case, it is purely an epimerisution process) or in another molecule used as an 
additive. What matters is that the chiral element of the environment must in lBract 
wiih (or form $ pan. of) the chiral substrate giving rise to two dkstexeomeric 
associates (or complexes) formed in unequal amounts. For example, if a conli- 
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/im^imnnlJv labile acid. f±VA, rs mixed with an enan limn erica l]y pure ba?c, (*). 
B. m an appropriate solvent, equilibrium is esiablished between two dh<lcrcomeric 

™ l, ““ f + >- A - <+>-.» «”<J (-M- H')*B feqn. 9) and ir the latter ft more 
stable Ilian the lormrr equilibrium wilt shin in the riphL more nmf nu.n- of f i-A 
vhII fnnn from ( f )-A, and line solution will be enriched willi (he Species. f-)-A. 
t he Mime equilibrium wiN result whether one stark with (±)-A, (+VA, or (— )-A. 

r0taf r B " 11 fptl ™ concomitantly. The tra informal ion is 
knoi^n as osymmcHic tramformution wl.fle the chrmpe in npiical reunion known 

^"ZZl\ZT i0n h r l *” 

I™! nnl havc iiny implffnlion It may he line 

!. " ' mn ^ llf J" 1 «i» l dmrrr as in n*vmmiiii.- iramrurnmiimi: „ n.:. VJ ,|*, lJlN , , (1 
a isinidiiml dumi’r in fKilmion fvidc infrn) 


(f )-A. H )-IU‘<-)-A. f i vil 


{*» 


7.3.1 Mmiratition ud Gist order mm nitric transformation 

JIlS 1 /' transformation was Gist observed by Dabronficl in |846 

.1 hooih significance wss andetstoed only much later A freshly Drowned 

+ HI" "adS 



D - glycpfi 



, nMMaisiwAiniAn.ibiS, siMn. 

provided by^c to of'lii chfaTooZ'^ f ° r‘ Ws “ J 7 mml! ' ri e Irantiarmjiion 
« *» >ypc Which ^LZZTZT T- Conformation,! chaagt 

»« rr nwsw* " ■' *”& P>*c> « k „„ wn " 

and m any 0 < their derivatives mm™ rr' V''^ « f'» Ictticr 

eshitnl tnowrolaiim,. r„ ( i„. case of h,,™. n ,„ 11 “7 m "f trle l™ nsfori nation an 

m of ,bc - - « - - «ttSEi 5!3 K-iSESKC 
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mechanism involves protocol ion of the oxide ring, deprolonation of 1-OH by base 
followed by ring opening to the aldehyde form, and its subsequent ring-closure to 
.the anginal hemiacetal or its epimer by acid catalysts. In consonance with the 
mechanism, an amphoteric solvent or a combination of add and base is necessary 
for mutnrotation. Thus in tciramcthyl glucose, mutt rotation can be Arrested by 
using cresol (a weak add) or pyridine (a weak base) alone as solvent but goes 
twenty limes Taster in the mixture of the two than in water. Hydroxypyridrnc 

containing both acidic and basic nuclei is an effective catalyn for mutirotat/on in 
sugars. 

Mum rota (ion due in a structural change may be illustrated with gluconolactono 
a solution of which in water establuhcs equilibrium between J-glucono- and y- 
gtuconolactonc through the intermediate gluconic acid (Figure 7.7). In (his case, no 

asymmetric transformation is involved (two compounds in equilibrium ate structural 
isomers). 



E- lactone fir act only) T-faclont 



First order asymmetric transformation accompanied by muttrotation is exhi¬ 
bited by many biphenyl derivatives and analogues (Chapter 5) in which.rotation 
around the pivotal single bond is moderately restricted so that inierconversion 
between two enantiomeric atropisomcra takes place in solution. Such compounds 
are not resolvable under ordinary conditions but when admixed with appropriate 
chiral additives, show mutarotation because of first order asymmetric trans* 
formation. Thus 3'-bromohiplicny|-2-irimeihylarsnniuiii iodide (V) (Figure 7.8) 
when mixed wilh f+)-camphorsulp|ionare fas a salt) in solution shows ntuttro 



(VI) 


fv It) 


Figure 7J SiibstttB for Krcf rnd urnul oritrr xsyrnrnelric in inform [ford 
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taiion. Here (he ch ini I counter ion. f+^mphomilphonate, discriminates between 
the JcaJll V interconvertible JUmpiiionicrs of the biphenyl leading to Lwn unequally 
populated diastereomerL' sills. The first order asymmetric transformation’ thus 
involves the establishment of equilibrium between [wo diastcrcomeric complexes 
which have real existence in solution fJamison aod Tumor 1942). 

7.3.2 Second order a symmetric transformation 

H may so happen that in an asymmetric transformation, one of the enantiomers or 
diastereomcrs actually crosses the phase boundary. i*., comes out of the solution 
as crystals or immiscible liquids. This is known as second order asymmetric 
transformation and is of more practical value Ilian the fim kind since it can permit 
sometimes a 100? conversion of a racemic minium into a pure enantiomer. Many 
transformations efthe first kind may be turned into those of the second kind 
thsjrfJpf /V MxfoiKs ^ /fa saftvat. Thas wAcn a so/ulmn of (jIiicqm in 
tllwrcft X i fre ^ess ufluHc cr-lorm crysLilliws first and equilibrium is 

once again established so thai finally, only <t-form of glucose is obtained. In a 
similar way. crystallisation of glucose from pyridine gives ihe /I-form only, 

Examples of second order asymmetric transformation are again available from 
compound' which owe iheir chindiiy to restricted mint ion. Thus H-VN-bcrornr- 
sulphonyl-8-n11ro-hn.iphihyIglyctne (VI, Figure 7.8) when combined with brucine, 
may yield either of the diastema meric Jills in almost lOfto yield by cryxlallisation 
from mriluuuil or nrciciaicr. 

A tew cases of mini asymmetric iransfiirmalion of the Second kind ,ire known in 
which Jin enantiomer or the sobslralc Jtsrir [miviiles the nertmry chiral rkriueni. 
lierv one rminliomer may happen to CryMall^c first providing n seed (the racemic 
form must necessarily be conglomcmle, sec Chapter 31 which by virtue or in 
enanhomorplinus structure Induces crystallisation uf the same Torm. c.g., ( I , I- > 
or ( “ -7 *' ,n lhc solution, equilibrium shift* towards the enantiomer which u 
crystallising out leading eventually to total asymmetric Iramfnrmatirn. 11ms Iri-o- 
thymotide (VI I. Figure 7.8} when crystallised from benzene separates out as 
crystalline solvates (a sotvent molecule is incorporated into the molecule)! in either 
enantiomeric form leading to spontaneous resolution, I,] F -Rinaphthyl (Chapter 5) 
is another Interesting compound which undergoes almost total asymmetric trans¬ 
formation both by crystallisation from solvents (or melt) and by healing ihc solid 
form below ihc melting point. The transformation in the solid phase is rather 
surprising and is due to the existence or nvo crystal forms: racemic conglomerate 
(culcclic form) and racemic compound, The former is more stable than ihc latter 


'Pf r a " J Guchf 0? 31) (int ofarrved jsymmnric tfaiLsrurmilfon in chiral coord initial comrl txt* 
y i c »iWil ad of an apinnic. i calinmr, of a ncuiiil tpecica mio aqueous tulvtion of the complexes 
■nd hence the rlunomenon * iln »* PfciBTc, died. The lem, 'ctdri hii nothin* ^ do wiih 

kmelio ,taA miy be replace by "kinf (Kohn 1932). t.e.. vyinmtinc lranrignnciio A of finni kind and 

frl KtCK Lir.d. 

t Such nyiLili ici h joed host molecules «.ih) often form jpcltssoo coroptcxa prcfn-j Ny with one 
enantiomer oi another chiral mdccule and thru* provides a aitlhod of rE ,;L a | resolutta. fvide 
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above a certain Icmpcnuore p-35 u C) and so when the emtafe a/c warmed ihr 

Zr-r7^ fCli CDnVfncd ,nt0 lh(? (apparent, U'-binaphthyl can 

change jU configuration m the sold state). The firsi singfe homochiril cryiui Jr <h c 

writ: a rsir mesa t F™* 

,ranI / D ™ ; " ; «" '« Wilson and Pincock (975 for dS? F,« 
r , ey necessary for (spontaneous! resduiion is provided by the cnerev earned in 
The conversion of the less stafc Ic crystal form inlo ike more stableone 

7,4 Methods of resolution 

s "S” is "/ oii r .*«««*: 

r?: ™ Vu ■ , ™ f P amalr ™' ul,on > of compfeidy resolved (Total rcsohitinnl 

rsc n chod Of resolution was Enitisred h 1848 b/Psucur snd “ ,ha 

-sJc b»ih°in r'h d<IC “ , . , " II, ■ sinw ,lKn considerable improvemcnl has been 

i-iv 1 o ,«oN p ‘'“,1 •" ' n m,;,hrdol ^PV =n<f it fc noi possible in cover every 
i At i r irsolitiitm in thus text fscc Jamies el a I 1981, Mason I 9 K 21 Up nr;*^. 

rNc ,mpw1anr pf<1CCllur " “ dfscw5 «* followed by illminiiw examples. P P 
~ 4 I Mcch *nic a l separation: crystallisation method 

^ fainted out in Chapter 3, racemic modifications may exist in three ivnes nr 

* C,y! “ ll, " d wdlum amrr, onrum lanrale by slow evaporation of an aqueous 
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solution when the temperature happened to be bdow 27*C. He then separated 
the two types of crystals with distinguishable hcmihctiral facets. When dissolved in 
water, they showed optical rotation of opposite directions. The method is applicable 
only lo racemic conglomerates Ihc frequency of occurrence of which although 
higher than that of pseudorace males is considerably lower than that of racemic 
compounds, in crystals of high symmetry, as in 1,1'-binaphthyl, the two sets of 
enaniiomorphous crystalline forms may not be distinguishable visually. The 
difficulty cun occasionally be circumvented by producing big crystals and then 
checking the rotation of each individual crystal. However, the method is tedious 
and not of much practical application. 

Pasteur's original method has been subsequently modified to preferential 
crystallisation of enaniiomorphous crystals by inoculating a supersaturated solution 
of the racemic mixture with a crystal of one of its enantiomer or in its absence 
with an isomorphous crystal of another chiral compound. This method is known 
is entrainment and the seed crystal is known ns rntrahter. For example, the 
saturated solution of sodium ammonium tartrate may be seeded wilh one or its 
own crystal or a crystal of (-yaspa rapine. NH 3 COClV*CIl(Nlfc)CO:ir. Sometimes 
even a crystal of an achiral molecule can act as an entrainer, e-g,, glycine in 
resolution of asparagine in either enantiomeric form. 

The preferential crystallisation depends on the principle that the solubility of the 
enantiomer is less 111 an that of the racemic farm, This method fa more effective for 
KnlLs consisting of dlniyrd species (Iran for iimtuil miilrviilrTi. Clue nr (lie miHpiiuiiK 
which has been resolved on ii lurpe sunk by this method is .V-jJuLnmic and, u 
racemic ini* lure of which is synlhcoH-d fnmi aery lorn ■ rile (I'nllei ct «T t'JHflt. 
The method is particularly useful for effecting a total resolution from a partially 
resolved sample available either from asymmetric synthesis or from resolution by 
other methods. In a rare variation, the crystallisation may be carried oul from an 
optically active solvent or I solution containing an optically active solute, e.g., 
glucose and tartaric acid. 

A very important modification of the method has been developed recently 
which works on a reverse principle. Instead of using an entrainer, tin inhibitor is 
used in minute quantity which retards the growth of crystal of a particular 
enantiomorphic form by modifying its morphology in a selective way. Thus 
racemic glutamic acid, threonine, and asparagine arc totally resolved using $- 
lysine, 5-gIutnmic add, and S-aspartic add respectively as additives, in each c ase 
the A-enaniiomer crystallises out. Configurational correlation between the separating 
enantiomer and the chiral additive has been worked oul (Chapter B) and it is 
found that the fast separating enantiomer and the chiral additive have opposite 
configurations (Addndi ct al 1985). 

7.4.2 Resolution through (he formation of dianereomers 

The second method of Pasteur, namely, the formation of diastcrcomcric sails and 
their fractional crystallisation, is the best method for resolution and is applicable to 
a much wider range of compounds. The principle is illustrated here in the 
resolution of n racemic acid. (±)-A with an optically pure base, (+)-R which 
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c^nbiiies with the racemic acid giving two diasiercomehe wits (p and n isomers 
Trpeciivdy)". 

fA + (t’MI - (I I-A.f f >-IM f- )-A.( f Vti 

Being diisrcrao meric, the two tails differ in properties such ns solubility, boiling 
-C’Hl. ml adsorption cru'ffTcier!. Wlit-n cry* Util tail from :■ rttfwnL one nflfivm. 
siy the p isomer,'Would M'piifatr ITrfil nml iifier several iTyNhllinilimu he available 

- pure .Mate as judged by the melting point and optical riHfltion which would 
1=150 Ccmttxni values. Decomposition of the wilt wilh mineral acids would furnish 

in cnantinmiTiirally pure form, l or -mLLmfol cxmilion. several coudirmns 
—®tdd be fulfilled which are enumerated below: 

if! The substrate and ihe resolving agent muii have suitable functional groups 
arable of interacting with each other. It is essential that the configuration of the 
ral centres remains unchanged during the formation or the diasterromers as well 
n. taring the regeneration of the enantiomers. Soil formation, for this reason, is the 
*-05t desired reaction. Other reactions involve forma lion of esters, uraihane 
valives, molecular adducts etc. depending on ihe nature of ihe substrates, 
f.'O The resolving agents should be available in cna niiomcri rally pure form. The 
Tiical purity ni 1 lie resolved product cannot, in principle, exceed lhat of the 
’sclving agent. However, this is not a serious limitation since a partially resolved 
-—.pound can be further resolved by fractional crystal lisa lion (vide supra). 

- r i) The resolving agent should be cither inexpensive or capable of regeneration 
c be end of Ihe operation. 

“ 1 m °st important criterion is the proper choice of the resolving agent. If 
separation^ done through fractional crystallisation, the resulting diasTercomeis 
*- rAd ^ crystallisable and differ in their solubility in a particular solvent If 

— cf item is less soluble in one solvent and the other in another solvent, then the 
—Pinion is ideal and both the enantiomers can be separated in pure form. In most 

l ^ c choice is made on a trial and error basis. Some guidelines are available 
-* lllc ituiJ J nf a lj trge number of salts prepared from fourteen acids and nine 
**s commonly used (Jaques cl al J98I). 

' 1 choice of solvents is also important and again it must be done on the 
n.’Ts of trial and error. The most usual solvents arc water, alcohols, acetone, and 
s^bjl iterate. Temperature also plays a role in crystalEisnion. 

i The possibility of double salt formation during crysial1is.ilIon must be 
-recked and should be avoided by changing solvent or the resolving agent The 
J^ule Salt. e.g., (+)-A, (+)-B. f— )-A, (+)-D, analogous to an azeotropic mixture 

n ™ of liquid would prevent any further enrichment or a dosterromcric 
—it urc. 

Organic adds and bases (amines) ate by far the mmt important groups of 
^pounds which am resolved directty hy this mclhud, Organic base.* used as 
rasclvmg agents are the naturally occurring alkaloids such as quinine, brucine, 
CTthmne, ephedrinc, cinchonine, and cinchcnidme (see Figure 7.9). A large 


V lutHfwitn: corn pits in »bieb borbiSt compoorDS tm^tbi lime iijn of relation h iwnetiraa 
p (positive) iwmer while the dumemBio- in which the eewpaacali hiw opposite ripn of 
-raacn is ailed n (aeiMive) twiner for convenience. 
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■lone (Wilcn Wjr'tbc^rBoi^T "' l ! tcJsfl,ll - v f«o!ved with quinine and brucine 
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Alternatively, (he carboxyl end of the molecule c.in he prnlcclcd hy esterification 
and rcsoluiion can be done ihfauph sill formation with opiiplly active acids. 
Mirny racemic o^miru acids have been successfully resolved by preparing 
ivibulyl or benzyl esieis and using dihrnwyl larlaric acid as the resolving agent. 

Alcohols : Alcohols can he directly converted into dinsiercomenc esters hy 
reaction with optically active acids, Mernhytnxy or horn yfriKyncc lie acid chloride 
or acid chloride derived from a steroidal tnrhosylie acid may he used. Dinslerco- 
merie lire I hones ni.iy he prepared hv llir rrniiicm of the atcolmk with up lien 1h 
Mil VI 1 iMtCyinlnit's. ^u a [Viri|i(ih ikinc ilmliIIv ilimnj , Jii l'i ys| el! trillion Jih 

Lltrn-i'njiic^pmpliv nm ri-i K‘ iimt-I I l rni 1 1 T-c■■ p;iI j. rv^i-riILi^n cIthii in 

central, is not as satisfactory us that of (he ionic salts and the following additional 
Seps are generally used. 

Tht alcohol is first convened into a half ester of succinic acid or phlhilic acid 
by heating with succinic anhydride (Figure 7.101 or with phthalk anhydride 
respectively. The half esters may then be treated as typical acids and resolved using 
optically active bases. The resolved half ester is finally hydrolysed or reduced with 
L±ium aluminium hydride fas shown) to set ihe alcohol free. 

PhCHOrt CH,-C0^ PhCHO C = 0 Dmein# 

■ t * _to r I ^ ^ 


■f 



M< CH 2 CH 2 C0 2 H 


0 

ft II 

PUCK—0— C—CH 2 


LiAIH^ PhCHOH 


+ HO-CCH £ 3 4 -OH 


I 

Ml 


CHjCO^H 


It) or (-J 


t+) or |-J 


flpurf 7.10 Rcmlulitin of in alcohol [hremfh jiolI turriiuit 


f -it) Aldehydes and tcionrsi: Optically active aldehjdcs and kcicnts are generally 
i 'I'ljblc synthetically front Other chiral compounds and their resolution is seldom 
For their resolution. rlcrivaiisition reagents in optically active form may be 
ned. Some or the resolving reagents arc the hydra/idc nF f+)-mandelic acid 
i — dohydrazide of f+Martaric acid, ment h v farm icai ha side eic. Ketones can also 
-- converted into kctals or dithinkcUils using optically aclive 2.3-butnncdiol or 
LJ-butancdithiol. fn the laiicr case, after purification hy fractional! crystal lisa l ion, 
— thioketal can be dirccily desulphurised hy treatment with Raney nkkcl In the 
rj^nc (Corey and Milm 1%2). 

ifH Hydrncmhuns anti a fnm.uk ethers which tin nm possess any reactive 
-scfconal group lire sometime* revived tlirimpli [iiriT»mnii i»( molecular 41 implores 
in ||ic nest subsection, 
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fttnlving reagents, m is possible, in a few uiNft. Iti have muk-cuf.tr complexes which, 
form easily and decompose easily and thus are ideally suited for resolution. The 
first observation was again made by Pasteur in the formation of molecular 
compounds between the amides of (-J-malic acid and of tartaric acid. Digitonin 
(XXt) [Figure 7 . 11 ), a steroidal saponin forms addition complexes with various 
alcohols, e g., n-terpineol, isccarvotncnlhol. and phenolic compounds which can 
be preferentially crystallised from appropriate solvents and then decomposed to 
give cnmiliomcrirnNy pure nUMs mul ptomik {I V 3 - NupItlJiy leumpli)lainiuc 
(XXU) has been successfully used to resolve N-j-butylpicmmidc. 




pcxivi 



Hkuw 7.11 Snny rhiml meirtfiisr I'M^nii 


rt-f 2,«t ,5,7-Te t ra n ilrn-9-fl unre pyjfdcnca iti ij in i'i x y} p ri ipii mle n rid IXXffllfTAPA) 
forms chnrjie transfer complexes fir-ciimplexrs) will) manv nr< mi tide hvdriunrhnn.c 
including lidiccnc* nnd aromatic ethers and Jias been successfulfv used to resolve 
naphthyl j-butyl ethers and hdiccnes (Newman and Lednicer 1956}. With f+>- 
TAPA, P-f+J-hexahclicene preferentially crystallises out of ihe solution while the 
A/-f— Hsomcr forms the stronger complex and remains in solution irons- 
Cyclooctcne (the £- isomer) has been resolved through com pie nation with the 
platinum (IV) reagent containing /M-phenYlethylamino moiety (XXIV). Another 
interesting example is I he enantiosclective partitioning between an aqueous phase 
and a solvent containing a chiral complying agent such as the chiral crown ether 
JXXV) (chirality is due to restricted rotalion), Chiral alkyl and arylammonium 
ions have been resolved by the formation of diastcrcomcric complexes with chiral 
crown cthcra of appropriate cavities (see Cram and Cram 1974), 
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7-4,4 Resolution by chroma(ogniphy 

The chromatographic method of resolution or racemic mixtures is carried etit 
gene rally under four different conditions: (/) formation of dvasterromeric mixtures 
by derivoiittHion with optically active reagents and srpiinlinn by classical 
chromatography using achiral adsorbents based on the different adsorption coeffi¬ 
cients of the diasitreomersj f/0 direct resolution of the racemic mixtures using 
chin) adsorbent materials cither ns solid or as liquid Mationary phase; (Hi) direct 
resolution on ttn achinil solid phase using a mobile chiral liquid phase; and finally, 
(re) direct resolution using an achiral solid stationary phase modified hy a chiral 
reagent. The first method is an alternative to separation by crystalEisalion of 
diastcrcomeric salts. The method is of genera! use and may be illustrated in the 
resolution of 2-hutanol by forming esters with (“Vmandclic acid followed by 
chromatography on Dowex-5QW-X2 to give both the diasie ten meric eiien. 

The second method, namely, use or chiral stationary solid phase is more 
interesting. The naturally occurring polysaccharides and their derivatives provide 
useful chiral stationary phase materials. One, namely, micrDcryslalline triacclyl 
cellulose (MCTC) forms a versatile column ou which a number of compounds, 
c.g., racemic olefins, biphenyls, ketones, alcohols, esters, acids, and salts have been 
resolved (Hesse and llagcl 1976). The problem is its relative unavailability. A 
number of synthetic chiral polymers have al%n been used as stationary phase 
materials. However, the method can h.iidly be used for total resolution since the 
solvation of the substrate minimises the disnstcreomcric relationship and very long 
column has ta be used for effective resolution. An alternative method of preparation 
of a chiral stationary phase is the adsorption or chemical binding of a resolving 
areni to an achiral stationary phase. Thus f—J-TAPA (XXIJ1) adsorbed or 
covalently bonded to silica gel has been used to resolve chiral aromatic hydro¬ 
carbons including Jielieencs. Chiral cmwn ethers bonded to silica nr organic 
polymers hove been used by Cram and Cram ( 197*0*, A series of chiral aromatic 
i.Wrtuldohols on supporting materials provide a broad spectrum of resolutions by 
means of high pc'i forum nee liquid ehraauUugrapliy fllPLC) (I'irkle el nl IMO), 

In the third variation, many oil ionic chelated metal complexes, c.g.* Irijs- 
(JijminnJinfisI complexes have boon resolved by chromatography on a column of 
can on-exchange Sephadex (dextran cross-linked with cpiehlonohydrin) by elution 
with an aqueous solution of (+>tartrare. In the fourth variation, an ordinary 
liwrbent like silica gel is made stereoselective by special treatment with optically 
active substances, tp, f+J-isriaric acid and f+)-camphorsulphonic acids which 
ue later removed by elution with solvent leaving behind a 'memory*. When a 
solution of similarly constituted racemic compound is passed through such treated 
column, preferential adsorption of the 'like' enantiomer lakes place (Cnrti tint! 
Colombo 1952). 

Gas chromatography has also been extensively used for analysis as well as 
separation of enantiomers working on the above principles. The (rifluoroicctyl 
derivatives of optically active amino acids hove been used for gas chromatographic 


•For chiral cro^n eiEim. sec StoJdart, JpB7 r 
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resolution of racemic alcohols via the corresponding esters. Paper chromatography 
can also effect partial resolution: the paper itself iccllulnse material) can act as 
chiral adsorbent or it may be impregnated with solution* of optically active 
compounds such pi enmphorsulphonic adds (see Potapov 1979). 


7,4.$ Resolution through equilibrium asymmetric transformation 


The principle of equilibrium asymmetric transformation has already been discussed. 
Resolution based on it involves two steps: cpimcrisation of a diasiereomeric 
species, be it a covalent cam pound, n salt, ora ronifiln. in sHiiiimi and prccipilEiiiuii 
of the predominant opimer (second order asymmetric iranrifortnELEiLin). If the 
asymmetric centre undergoing the configurational change can be separated from 
the rf't of the dia stereo meric species, only one riuitilimwi nl'iiiiHtl. In ordinary 
rcsolutinr. the yield nf the enantiomer can never ctmii SIP* t mindly SS-.M'ip is 
good enough) but in asymmetric tmndi inu.i linn. Hi* 1 Mirmir Unm can, in 
principle, be completely convened into one oi the rniniiunn'ts. I his i> illustrated 
with on example from Bid's book (1962), When the racemic form of 2~f/Hnrboxybenzyl> 
1-hydrEminnonc (XXVf) (Figure 7,12) is ircnlcU withbrueine in acetone solution, one 
of the dia stereo me rs precipitates in over 90r yield fcpimcrimbn takes place 
through enolisation). On acidification. the (+Hnantiomer of the ketone (XXVI) 
is obtained which, however, mcemrses spontaneously. 'Similarly, when the f~l 
-menthyl ester of racemic phenylchlorodcttic acid fXXVIl) is treated with base, it 
cpimeriscs (acidic M is underlined), leading to an equilibrium mixture containing 
esters with 57£ of the (-)-aeid and 43« of the (+)-arid- 




l 

Ph 


fxxvru 


Figure 7.12 Equilibrium iiymmrlric lurtlinniiitfn 


7.4.6 Resolution through kinetic asymmetric transformation* 

The kinetic asymmetric transformation is based cm the principle that one of the 
diastcreomcf is formed, destroyed, or transformed selectively by a chemical 
reaction. This is possible because the activation energies of the two diwtereomeric 
transition stales in the reaction of a racemate with a chiral reagent ate different and 
so the two enantiomer* read at different rale*. There arc several variation;! of the 
method. 


“JnsMI lne*( review UK tiniic nc*4ullbi*- W It It Itipin iml ,11'- I-umlI ill fi'f'U'f iti ,9mrir/kWrwrr 
nWKVMil. ts 
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154 Stereochemistry 


is esierified with tin insufficient amount of (—)-menthol, (—>menthyl (+)- 
mandebte (o-diastcf comer) is formed in higher proportion leaving behind Ihc 
unrncicd mandetie add enriched in the (—Vhomer. 

The biphenyl ketone (XXVIU)) (Figure 7.14) provides nnoihcr interesting 
example of kinetic method of resolution. When the (±}-kctonc is partially reduced 
with S^-ocianol fin the presence of aluminium Mnuoxidc), the f+J-kcione is 
reduced at a faster rale and the un reacted ketone becomes enriched in the (—)- 
enantiomer (XXIX) (Mislow 1965). The resultant alcohol, in turn, becomes 


o 





<±]HXXVnrl 



M-txxixi 

ItKItll 


t-l-IXXXI 

tfllCtil) 


Fljurr 1 ,14 Kinetic resolution of ■ bridged biphenyl ketone 

enriched in the (—)-c riant io flier (XXX) which is also obtained by the reduction of 
(+>XXIX with an achiral reagent, e.g., lilhium aluminium hydride. In a somewhat 
reverse situation, when two moles of (±)-isobQrayloxynJumiiiium dichloride (XXXI) 
are allowed to read with one mole of (—>m cm hone (Figure 7.15), one enantiomer 
of the reagent is oxidised faster and the product consists of 90% of (H->ciimphor 
(XXXII) (Nasipuri and Mukhcrfee 1974). 




(XXXI) 



(tXCtll) 

90% 


H-l-tXXXlI) 


Flnurt T.1S Kinetic inclin'd of nolulian of amphor 

i 

These reactions may also be considered as asymmetric synthesis, in ihe first case, 
of the alcohol (XXX) and in the second case, of camphor ( X XX1J). Furthermore, 
since Ihc difference in the reactivities of the two enantiomers wiik chiral reagents 
may ultimately be traced to Ihc difference in ihe topologies id ihe lending 
molecules (in terms of secondary inlcracEinns’ slcrie xml clccimmc), mu Ii ii'iiiiiiiK 
also provide information regarding the relative configuration of Ihc reading species 
(see Chapter 8). In fact, any method of optical activation (which is based on the 
difference in diasicreomcric interactions), is, in principle, capable of establishing 
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SSiSE" Pr0, ' JCd ’ ^ k "“ ,Cd * e ,hc ^ «* 

sutaJST^ , m f h0 ‘ l ?*!* dl:L5l " L ' ,,, ‘" ric “•»''*'« Instead of using ■ racemale 

theTr d , d ‘ M ' etCOrae " “ ** U5£d in ■ «Mfc» w8 an .chiral 
Thc r d'asie roomers would read at different mm „, d „ 5,^,1 

i HT™?? ™ y * cffcc,wi - lh « *>»«■ Oien derived from 

maitdelrc acid and (-^menthol on incomplete hydrolyrii afford □ auniii 
f^oJuUon of me mandehc ocid in the nlSl 

of the d^mreomeric ,n the tmhydrnlj^d Jdue. * P ' ™ 

Uii) Other nrinlioiK Sometime* a iwclion may t* carrieti out in the presence 

gSg*S 2 KS UrSii. ethyl pheuyhthloroaccwreon KS 
pyw fn the presence of cyclodcitnn produces f+)-C*HkCHfCnCOvH 

“ f* preferential dannioe of a chins! centre in a diislcienmer' 
rh,n,U^|r , A U ","' , i “ “ r dehydration « dehydrogenation wan* 

mul.i, , , *f fc e * i,m P lc “ the incomplete dehydration of fij-phcnylme- 

* " 1 ■ 1,k1 W , lE \ W / ftrid when one or ihc oihcr of ihc 

e»m omcfic alcohol predominate in ihc tuidecofnpoKd Kiihstfaic An nymmcif »> 

“'ILe^te*' " ' K ™ ‘ ^ S *.. Vita- «f « 

Asymmetric deetirnposiiion of appropriate vuharatc hv circularly oolareed Ifebt 
o abo well known. As early as l-jjll, Kuhn a,at Koopl Z„W7 ± £ 
^dojtroptMtc dr Diethylamide MeCHN,CONMe ; . with right and feftdmubriy 

r “ dUe ° f lhS ** *— STS 

Like asymmetric destruction. asymmetric synthesis may abo be used lot cctdee 
-hiral compounds ol high optical purity which will be discussed in a later chapter.* 

7A7 Resolution by biochemical (runs form a lion 

In the kinetic method ol resolution dntussed above, the chiral reagents may be 

replaced by tuicroor*..an or enzymes which ate tilien highly sicreosclecti™ in 

divir reactions Pusteor Inst ohserved (his third method) that whea a jolurion of the 

=rri‘*r*;r “*? “ f ™' nlcd b * J"«.« a mold [Pcnidllium 
slsucum), the natural t+yform is completely consumed lea vine behind the 

nmnomum fcdt ttf f- Hurtirit acid, f ' 

The hiochemicalnielhod has found important application in the resritntian of 
■ i-ammo jada Thu-van acetyl.icd (±J-amino acid is Ireated with an emyme 
acylasc I (hog kidney icytot) until ball the acetyl groups ate hydrolvsed .wav 
rhe unhydrolysed acetyl derive,ive i. that of me Domino 
hydrolysed product consists of L^mino add. 

The ihortcommgs ot ihc biodu^nkail Iraiwformatinn are » Mlow^. (i) y CT y 

:U,UCai ? S ° llJtjtins hyvc tQ * 05(11 for fcmimttiloo, thus the prodm 
maty be hard 1 u isolutc; ttf) most of the time, ihni cnantiontti is sdectivdy 
conraned which ts bioto^ically important jo Irequemly, only the imnaiurul 
t'rj.tnrsomej is avaikUe; fu^ it is not always possible to find an appropriate enzyme 

«1 particular lubJirate. In contra^ enzymaire asymmnrtc 
synthesis Ims lound much wider appheation. 
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7.4,8 Resolution through inclusion compounds 

k 

Some compounds crystallise it) such a way tlitii a hole is funned inside (he crystal 
which can accommodate another guest molecule without forming any chemical 
bond. These complexes are known as inclusion or dathrvte compounds. The 
inclusion of the guest molecule depends on the stcric lit inside (he cTysi.il lattice 
and is often very selective. Dcsoxydiolic acid, a steroidal compound forms such 
crystals in which a particular enantiomer of selected molecules can be included. It 
has been used for (he resolution of camphor. 

An interesting case is the crystals ol tri-o-thymeuide (VJI in Figure 7,8) which 
not only separate out from solvents in one particular enantiomorphous form but 
also sometimes include chiral solvent molecules such as 2'bromohuiflne in one 
enanatiomcric variety only* thus effecting partial resolution. Urea, although 
achiral, forms helical crystals and depending on the helibty car give inclusion 
compound with cither enantiomer of a chiral solvent such is 2-chl nronciane thus 
causing panial resolution. Chiral crown ethers, previously discussed, can similnrly 
be used to trap enantiomeric cations. These methods, however, are of little 
practical use, 

7.5 Optical purity and enantiomeric excess 

The specific rotation, [it]. is highest for an cnantiomeri'cally pure compound and 
any contamination with die optical antipode lowrix it, usually, proportionately. 
The optica) purity fO„) of rt chiral o impound is cuprvssrd as Hit- |n:rm<i.i|:e ratio 
of the rotation observed and the maximum rotation truULhun of a pure cnantiuniLT) 
and is usually equal to the cnaniiomeric excess, nr (exccsi of one enantiomer over 
the other). The following equation (ID) shows the relationship: 

■ rfer xl “-"- J wiw J - x,0 ° f,0) 

where [£] and [51 represent the mole fractions of the R and 5 cnamiomeis so that 
[R] + [5) = 1. The percentages of R and S enanuomers can he calculated from the 
above equation as follows 

% of R (or S) = « H- % of 5 (or R) 

+ m-%ci R(otS) 

— —^ of lhc ma j 0r Cnfl niiomcr) (M) 

Similarly, % of 5 for R) — , —— _ tf (for the minor one) (12) 

Determination of Or or rr of a chiral compound is an essential pan of any 
resolution method or asymmetric synthesis since it gives the composition of the 
product. In the majority of cases, polarimetric measurement gives the true values ol 
Or and « (Lyle and Lyle 1983). However, difficulty arises when the rotation of a 
pure enantiomer is not known and in the few cases where the rotation is not 
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mehnf pomi And optical rotation. Even this method m*y nol be fullv reliaNc 

Sr^aBBStetfcsSS 

^s^ gjanarj r.*»; 

nunomeiK resogml.™ il„ou;h 'suMJshmoit of a dimereometic relnionshio 
ann.cn a chiral rcafcm and the cnamiomcric pairtMUow and Rabon |%7). * P 

7 5.1 Isoloplc diluiiun method 


to Ufttopic dilution method, a known weight of the ample under cttdrinilfeM U 
?"*’ J involution with a known weight nf the racemic mod it.canon of the vimc 

\ L] wilh an [Mjtiipc tl,e «*■* f ° rm * ihcn «i*™2 
' ■ p ,CCf y st . >11 f* 1 ’ ond it!I content determined If the original sample was 

knTw^V * ' IU " ,L> ,M .* dihll,im ,atlt r L;,[1 ■* calculated from the 

^ *|"7 nU5 “ ,hL ' ,wn s J*™" crts '"'"'-■d. lr die incur turns out to be 

cm ihjiii lJic vnkubufd viilne, the compound was nut Crtantkimcriailly pure. 

1 ' L ‘ ,U ul :t rjtcmv l,irm ' an optically Mtivc mixture may separate «jliL. In cither 
^^Appritpr'Ale enk tilnii'in pives the rnanliim*mc purify ■ti the oripin.il sample 


7,5,2 Emymatte mrfhud 

hrti'.ymcs are usually highly ertantiospreifie, i,c„ Ihcy renet often with one 
enantiomer only and arc completely inert to the oilier. If the test sample is treated 
wtth an appropriate enzyme and no reaction occurs as indicated by the absence of 
any change in optical rotation, the sample is cnantiomcricalEy pure fincomplete 
consumption of the enanliomcriartly pure substrate would also keep ilie rotation 
unchangedt. Any enhancement or reduction of the original location would mean 
optical impurity. Thus ihe oxidase of amino acids which oxidise* the L-ummo 
acids 1000 times faster than the P-ammo adds may be used in icm the optic*] 
purity ol an utnino acid rumple. 

In a ntitnjti/yinalic variation, the cn/ymr may he replaced hy an insufficient 
amount of optically pure reagent. The two enantiomers of the substrate would 
reai'i with diflcrent rote* and at Ihe end, the umcacicd substrate would be enriched 
iti Ihe less reactive enantiomer accompanied w ith a change of rotation r*ee kinetic 
method ol resolution). 


7.5.3 Method* based on gas chromatography 

An analytical pas chromaiO|fmphv fusing capillary columns Uw belter revolution » 
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conveniently used for determining the enantiomeric purity of a variety of com¬ 
pounds. The compound is. first converted into a diastcrcomrric mixture by 
allowing it to react with an optically pure reagent. c.g.,. esterification of an alcohol 
or acetylation of nn amine, with an optically pure acid. The composition tt 
determined by gas chromatography using achiral stationary phase gives the 
enantiomeric ratio of the original sample. High performance liquid chromatography 
(JtPLC) may be used for unstable compounds. Precautions to he taken arc: the 
derivations reagents should be enantiomerically pure; no raccmbacion should take 
place on the column; and finally, the two diastereemen should be separable on the 
column under the condition of chromatogram. Diastereomeric esters prepared 
from N-acetyi (or N-trifluoroacctyl) amino acids and (-^menthol are conveniently 
separated by gw chromatography. 

Alternatively, an optically active stationary phase may also he used and the 
enantiomers directly separated (sec the resolution method) on the column without 
derivatisaiiort. Here, it U not necessary for die stationary phase to be cnanlio- 
mericaliy pure though the degree of separation increases with the optical purity of 
the stationary phase. 

7.5.rt Methods based on NMR spectroscopy 

1VMR spectroscopy is extensively Used fur the tTcleiminaliim r»r enanlMnlieric 
pimly. Several vnriulfo*W of the meihixl arc known. 

I. Use of dlastcrcomcrt: Since any two corresponding ligands (or nuclei) in two 
enantiomers are enanilotopic by external comparison, they are isochronous and 
cannot be distinguished in NMR working under achiral condition. But if the 
enantiomers are first derivaliscd with an optically pure reagent (as in the case of 
gas chromatography), two such ligands will be diastereotoplc by external com* 
parson and will hive different chemical shifts. One has to select one or more 
groups in the compound which are clearly discernible in the spectrum. Thus 
phenyl me (hylcarbinol whose enantiomeric excess is to be determined is estcrified 
with the add chloride or optically pure fl-methylmandclic acid (Figure 7.16). The 
resultant ester (XXXJII) may be ft mixture nf dinslcrawlers depending on the 
optical purity of the original alcohol. The methoxyl peaks of the manddatt moiety 
an be easily detected in 'H-NMR—one for each of the divtereomcn—and their 
relative intensities would indicate the percentage ratio of enantiomers in the 
original alcohol. 

OMt ?*• ? Mi 

I ■ 1 

+ pjtCKCOCl -o-PJiCHO.CO.CHPh Ph-C-COjH 

1 1 
Ma Cff 3 

{XXXI Ll} (XXXIV1 

Figur* 7.|6 KilR method 6 1 determinitiOfl of enanllomcric citw 

Optically active <r*methoxy-o-trifluoromcthyl-a-phcnylpeeiic ocid (XXXIV) is a 
very useful odd for esterification (or acylation) since the products can be 


phCHOH 

J 

Me 
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jS^e&igaied by 'H-, ,k C% and ’FNMR spccireacopy simultaneously. Moreover, 
tteabsciH* of o-H ctimmaEc* the possibility of ricemisation. For the method to 
h tk two conditions mu# he satisfied; the two anisochronou* signal* 

4e l" ralcd and lhc tterivattsing agents be optically pure (sec Yamaguchi 

: Use or Shift rwgcnls. Chiral shift reagents, e.g, XXXV in Figure 7.17 fsec 

; t Lh fj* er ^ an \ also to determine the enantiomeric e*c**s by 

lK ’ I1w * romi Owitcfeomerie complexes with chiral substrates having a variety 
.ncoonal groups and .it the s*mr time, induce increased amsothrony (larger 
i ration of die mien I shills) in the two difuicrentopic groups of nroiiHU, Here, 
:<onterj.c purity ..I the dnft rrogem i* mil i-^atmt: tiML lalihrniirui of the 
.•“ w,m *■«“* niaicnal is nccevury (nee Fraser Vm. Sullivan 197If) 



0^chohcf 3 


hcqhcf 3 



Jtxstvj.ft* f-lu 

R - CF-* 


(XXXVI) 


(XXXVII) 


Heart 7J7 Cbinf vhifi resgenu And dtital ntttiiqi iftnti (CSA) 

“! Chlnl1 ‘ Brals - [n w " no " ! " ™™tion of NMR method, « 

- a mg agent (CSA) u iwcd which forms diastcrcoiTi'ric ioJvmes wilh the 
^atc through weak solvent-solute interaction. The CSA may be either a 
^ ol * ttttolveni, or even a solid auxiliary (for reason of cost) Two mast 
- xccCSto are IZ^nneco-l-phehylethaed (XXXV.) ,„d the inZEZ 
•J^oi^ldefivauve (XXXV It). The former is available by asymmetric reduction 
tonyto'y* Eummium dichloride in 6&* «- (NttSipiiri and 
^Jubarya 1975) and the latter is available commercially. They interact with a 
1 y Os chiral compounds such as alcohols, amines, sulphosides, phosphines, 
.=* ox«i«, and epoxides giving diastcreomcric solvates f Pirkle et al 1971, 1982 ) 
;*;; *|' boc,tLi (shift reagents also work on the seme principle), The 

r.-LOmplexcs ore unstable (most of the substrate remains unarm plcxed at 
- "J sre 'J r "P ]tJ equilibrium exchanging site comiandy. The situation is 
a in Figure 7.1 s lor a racemic sufphoxidc and a chira) CSA (XXXVI), Since 
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JW> Sictrnrhi’nUxfry 

J hc Mle CKta "^ « nfl NMJl rime scale, 11 k- dicmieal afcffi nf the mrlJiyf group 
for f l-J-S (S Alnfkls for the AuhstraicJ i<t n tvcij;luod sivcni^e nf ihnl fn llic U vc f I J-K 
and Ural in the nssodn linn-complex. wy XXXVJII. Similarly, llic chemical shin nf 
ihc methyl group in {—)-S is lhc weighted avenge of that in flic free f—)-K and 
lhai in lhc association-complex fXXXTX). The complete* being diaslrrenmcrfu 
will have different values for lhc chemical shift. The entmlfomcric purily ofS may 
ihus be determined from the relative intensities of the two peaks. 

Here again, it is not necessary (hat the chiral whiting agent be optically pure; 
however, the sepsration of the chemical shift* of the aninoclironous group is 
directly proportinnal to its optical purity.* With racemic CSA. no separation of 
peaks is possible because of averaging tun of the drnste retime rie jwociaies through 
rapid exchange of enantiomeric ligands, 

7.6 Summary 

). Haccmisition is a process in which an optically active compound is converted 
imo a mixture containing equal amounts of the two enantiomers with no resultant 
optical activity. Jt usually invoTves a reversible change of configuration at a chiral 
centre. If lhc molecule undergoing the change ennuifns more lhan one chiral 
ccnTra, a new diustercomcr fan epimer) is formed instead of lhc enantiomer and 
(he process is known as cpimerisatinn. Epimerisation, in principle, always leads to 
unequal amounts of two cpimcrs. 

Depending on the nature of the substrates and the reaction conditions, racemiu- 
tmn may take place through carbanions, ca rhenium ions, free radicals, nr even 
stable intermediates such as defins and ketones. A chiral centre which contains an 
acidic hydrogen, e g. an a-H in a ketone, uremiscs easily through the intermediate 
end or enofate inn depending on whether h is acid-caulysiid or baw-cat.ilvwd. 

Airopj.wmcrs ra remise on heating Usually via achiral but naitsionally via chiral 
trails]lion states. 

2. Resolution is a process in which pure enantiomers are .separated out of the 
racemic modifications: ft leads (o npiieal activation mul tan lie effected onlv 
diroLigh enantiomeric discrimination which in turn arises hue of dtaflrrmmmr 
interaction between a chiral resolving agent' and the two cnjintriuners nl iln- 
Subsfralc. 

3. A compound containing a labile chiral ecu ire mnv imdopi .spnnirinenus 

conligiiriLtinnal change in Milutinn, Jf there is a set.I chiral element in the 

environment such as chiral solve ii is, chiral additives faux ilia riwj, or even other 
chiral court (centres) in the molecule itself, one or lhc other of the enantiomers 
for diasicrcomm) predominates in equilibrium. This is known as firn order for 


■ The e hir.iI unipEc iEsctrcan ietvc iiiunwn rcfcrenmin-kr<engirt rnnJitlurts (Vi-furmo c« *1IV73) 
If rln 1 imhinle fiimn hnmncliiruL f+, Y\ w f - ) iiml heirn»rhi«af. H . ) dtmrrL ^vivints 

ciElier directly nr ifaioufh an ichint eg.. irxt f+hA^f-) f*hfir A 

npreitilt lhc aehunf (Ainpanenl) aad if fjsi «?3rWihg fl-f monomeric unio ainonf the ipprcgaie^ 
ihe uiMiiriDn bccoaws the umt die one fnr C5A meihod f pipure 7.1 H t, ihc ivn ipgregalec 
wrvin|! si I hr Ion diutermnwric tss<ojio .Terinpa ci a! IW; pAWjuier nml Many tWi. 
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* chan * t °f "n«i 

wlunon. Confi(iLfolioru(|j, labile biphenyls ^? r !f^“ U ' ,d hr " u f tl1 »iw»' in 
■ result* examples of first order tuymmrltic u um,,' '' .^ llf opiu,inert provide 
<n *irt wymmeifji; I rancor mam.*, tme «f u,'. V * aml muenmtetfon 

** 0 1 Ihc wluiida, the Hhiffibrium ihifu J gjWMHiiwteipeefctt prccijhiaio 

«rocr wfth liu fcsiiJi ,^ JM „ .ol mt1,Cflf,hr P«V'ril*iiiip 

ttt— ™ SS»z=u: 

Pasteur. They delude hlh * b “ n * now " **■** the lime 

'^rmatjon of dHi«eiw*cric nmpaLto Xh™ ^1^'^ Cfy * l * ltisa " M - 

**•*&* fl®> fbIm fl u- 0 ^uf^KrfJL^ 0 ^co!;^ PUfe r “ Femr lir,U ,heir 
-' m method, based on cauTwI W[b * b ''«l ^m- 

''matjoni, (r) chromatographic method !?■ ta»- 

-JercomcrksubslraTtsorchinilitJMrnnarv nh! P ^ 10,iaf > pha* and 
‘ 'ficmical ftiymmetriu iwi^oj i nukm „ , ph “ n< * rftttni * m\ w 

* Kl '0n of the most anpronnaie mcihn t r f i " /v,hr ' nr, d micruorguiijang, The 
“d 1*c reagent ava ,wS^ P dcpe,ul5 ™ ,hc of U* 

rf # ,‘S! e «S! ’ * s r * * I**—...» of iu 

pa «r^r 2 > 

r 'hose based on uulytical ,.,< chn£.,i ^ V ? h " mcIll °* Mpea*»») 

. .. •' ""'■<■ m n-.!. |SSlXLlI . .* ** 


cag^^w-^ z.!-ftr • -- -.. - 

“ "■«- < M “■«*>. W-lSl 

i ^SflrS. .! ”'•/ •‘r- «•* •».*». 

* I , s...,. I .1. iV'xb.'Tnd’vt H' <H-' 

■I ■;.. lb*, «. rim,. M. "■ r * m - *"• '"• «** 

U c2L*T 1 1 «'*•». -r. «<«.. W, 417. 

i.'v2T: VH - "••*"•■ •'«.<'**». «™™„, ™i n^un..,.. „, k ,, 

, J _ cl, i h U*" . . .. v< 1 at i r »j 

,Sirm*rrx.,;: 1 ,ww - ^ 

-e.> i ';tX' ( k ': , " u,b ' *■« ’-* 1 1^.^. 
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Determination of Configuration 
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J64 Stereochemistry 

usually Jeitruiired in two stages: ihc relative confipunlion nf the chiinT centres is 
determined firsts Then the absolute configuration at a particular chiral centre is 
established by i suiiabtc method which automatically fijtes the absolute con.- 
liptlration of the rest or the mnlccutr. 

8.2 Determination oF absolute configuration 

Ttie discrimination between enantiomers is possihlc only thmuph ilia stereo me nc 
interact ion with a chiral apeni. Therefore the various pn ysi cal methods. e.plJV 
]R. and NMR spccrroscopy and simple X-ray diffraction which provide achira 
nmbrs can |mvc information refitirdm*: relative cnnlij-urLiinn only but are normally 
iiwlcss for the determination of Jihsnlutc cunripumtmn. Ihree methods for the 
dek-rminalion of absiilnlc mnfipuffllion »re nl pm^ut nwin.iMe: 10 meihiHl hwwd 
on optical rotation, circular diehroism, and optical rotatory diapers, on fdi.rophcal 
properties), Hi) method based on anomalous X-ray saiiering, and fwfl method 
based on crystals used as probes The method based on chiropucal properties will 
be taken up in Charter 15; here the last two mclhods are disrussed, 

S.2.1 Method based on anomalous X-ray scattering 

X-rny JifTmcllon measures only ihe scalar j-conuirical parameters rf a molecule 

" . ■ ■ 11__ j" -m-t ...Wj- y iiirA nrm- 


,L nnrl fhemfnre ennnoi ordinarily discriminate between iwo non- 



C0 5 Rb 
I £ 


co 2 h 


H-C—NH 3 Br* 
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H —G-OH 


HO—C—H 
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Drinitiuttmon tif Confirm atttm I fi5 

di?rirtStiT? 8Cd “ HlC U,liW ‘ ■' cfl,,c,, ' n s ,aVc! -I A and II pnd iwo 
“: 1 fronts .itariing exactly wiih the same phi* cau* interference 

^ P j a ( ,CS P and P#1 S * nce lhc P* 13 *' dj flcrcncc*of ihc two 

dci5eod ao1d > 0,1 lhe distances I rave fieri by them from both 
^ ' 1? ?? fe U nc * palt ™ arc ,tJeDl ' cal for ,he cniniidmers A-B and R-A 

that AP^B^BF-AP'r. Tic analysis can give only V C Zan« 
the two nudei A and E. 

However, when one of Hit midei, say B, is a Inavy morn and absorbs panii.lly 

— Ae ab^ IH ? ° f ‘S C X Tl USCJ ' i e> whcn ,hc wavdft, |ih of the X-rays \\l 

P u, edfC of 11,0 fieav y atom - anomalous scattering results meaning 

. ie ““«ry wave from scattered from B undergoes a phase lac fan 
^ictol's law), Thc lW0 endS 0f ,hc molccu,c A ««l B can now be 

— hatid^ram rt 13 !-? "*?* th 7 ab “ Iule P 0 * 1 ™ ‘ D 5 i“«- Thus ^ Ibe 
^ hand diagram Ihe diffracted rays from B has noi only to travel a longer 

7/" lC rea , ch P ( BP >An, bur has already suffered a phase lag so Hurt the 

I* Pj? w,lh «P“< ,0 lhe A is accentuated. On the contrary 

— ~e left hand diagram, Hie scattered rays from A have to travel a longer distance 

J *J e ^ *™ B !0 rcach p but because of an initial phase lag at B the 

r hcn bo<h ihc **”*** wavc fr ° n “ ««ii the photo- 

SSLSmS t H ?'"! fE, ! Cl J962> M “° n IM » ^ phase lag is 

“J™ , of velocities, the dotted lines represent the new 

i»«™ <*< oid«i p * n <i n flrc n0 w 

taSfcrST 1, J * rC lhus rfiscrimin4 *«* »nd in analysis of 

b , y j^t voct U rou P (IMl). the sodium rubidium suit of 

50 d K ub»roLi m ^rr" S bf IOn£ ^ 11 ' K “ ,atfN1 " 0 " from = re o" i u™ which lies 
, iosorplion edge of rubidium. Thc result show? that f+Marlaric acid has ihr- 

^ by Fischer iT 

“ ™ J h 7; C hVlIrobrouiiUe (JI) w. S ,red „l„n K with |„ rat | i(1 , ion 

S^riSSl S„ £ *T . W ! MVy Al " m atuJ thc rav lics nT1 i!s 

--.r P , fiC ‘ Tlie rcs|1 1 ls n ^° in conform by with Fischer’s oridnal 
' ^“f^onal assignment. Because of this coincidence, the configurations of 
^wraueompoudi »mved lt through chemical correlation since the lime of 
V ^ , ™»'“ unchangeti. The assignment of absolute connguration by ihe above 
” Unamb '« uous has heen substantial by many other worker, 

Wtth the development of computerised diffractometer*, ihe X-ray diffraction 
^' quc lmn i c fl Powerful Inol Tor the delerminnlinn of hoih 

?iLIl<lr ate i? ?ft COn 5 gUra ? 0n - Thc nun,h<f of ^Icculcs Ihc absolute conw 
d ° f Wh ' Ch haVC bcc ° dctcnnlnt£l b y x ’«y diffraction is now almost one 


r d f maa bt,wetn lhe <“ «r stts rfKtroowpTciic 

^j»c j 0 d) luiicred *i chffcfflnr centin (nudei) to lie ayrtal «r«j Joldy from use pith tfiltocc 
the mncrmB litres incc ihc satlori W4V e rrnnt from each itud™ saiii with the unse 

*OcJjf the full Lata in Che diagrams m now considered (odt lie dctlcd lines) 
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166 Stereochemistry 

8.2.2 Crystal. 1 ! as probes for the assignment of configuration 

Rrccnily. a f.fdup Jed by l ahav fAddadi ctal 1986) has developed a second 
imh'|Vii><frill expelimenial mt-llioil fiir rtmlij’iiriilieri.il ftwi| , iiiiii'nl In itnilcculv.s. 
based on correlation of macroscopic morphological asymmetry of crystals with 
microscopic chirality of (he constituent molecules. The principle is best discussed in 
the light or the mcchimfsm of try'.lnl jsrowlh inhibition induced by taiinr-mndc 
additives (see also Chapter 7). A I ail nr-ni rule actdilivc is a compound which 
resembles partly the structure of the ULiblnle bill is partly iiiislilinl. 

Normally, in pure sol veins a cryslnl prows m» llmt llie areas of different frees. nT 
ii maintain a constant raiio as shown fin n byg* ulieiii-.il iwii-diim-iuioiinJ crystal 
(III—TV} (Figure S.2) distinguished by iwo lypes of faces A and D. If cryjxnHEsalion 

aP'' , '"’V Mo QCaUfr* 

L J [fiDfnval qrivrh) fInhi fcMTofj grdwFft 

5 v e / B \ <i r«o si 

nvi mu tvi 

A ndfmsi Crflifll (odflpliJ lion* AiMniJI H ill I'lftfVI rt n'rtihlirtf crfilsr 

figure 6-2 Crysul growth In the pmncc md ilmcrtt of addiHws (irraws show binding 
sil«l 

is earned out in the presence of an appropriate lii lor-made additive, the additive is 
adsorbed on to one lype of faces (say fl) (with the unmodified part bound lo 
appropriate silo through ionic and/or hydrogen bond), leaving the other lype of 
face fix.. A) un a fleeted. The modified pan of the additive sticks out from the B 
faces and retards further deposition of substrate on them. This adaption-inhibition 
mechanism thus leads lo n lopsided development of crystals which are elongated in 
the direction perpendicular to the A faces so ihat the ratio or the area of B faces to 
lhal of A Faces increases dramatically (we. Iff—V). Analysis of such morphological 
changes of the crystals gives valuable pieces of information on the configuration of 
the host and guest molecules which are enumerated below, 

1, Resolution of con glome rales. If a conglomerate (a racemic mixture, R.S) is 
crystal!iscd from a solvent containing a laitor-ntadc additive (say S*, homochira! 
with 5), the additive gets pefrclively adsorbed on the surfaces of ihc crystals 
composed nf ^-enantiomers (S-t ryslnls) onty, because or similar handedness cF the 
host and ihe gliesl molecules. As a fpill, the rale of grnwlh of ^-crystals is very 
much retarded leading in kinetic resolution. At the same lime, the 

5-crystah undergo substantial morphological change (die change is proportional to 
the concentration of the ulJiiisv which is usually 0.5». nr ever less) so ns Hi be 
easily diMinguEshable from the Crystals and may be ha ml-picked. The additive Ef 
often m-cbided in the bulk nf llie .V-eryMaK mriln jlI of rcsiilmiiui ba\ tn-n 
successfully uued in the a-amino acid series [Uupo 7). 

2, Assignment of relative configuration. The ttbovt phenomena, namely, kinetic 


'Tile wrnu #nJ hrirrothiml ir* u«J b«e i* rfefuwd by Such. Tl* rreem pnfiicr. 

hoKevcf. is in use iwffirvhirir In mein rnmMifiiTlf ricnlly pure fMnSaitlune. Irt ClllptR Jl> 
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^ ; S T IV ? mor P holfl f |Cal clian^c. and selective occlusion, by Ihcir very 

SrfLww, tt>n^ration of the host nod geest molecule/Thu* if»o 

,w “ J™* lhe com, out of the solution it a r^, er rite f kinetic 

are im,d,ned morphological change) and the 

~.l 2? U^L 1 ?°t! he bul ^ of thc {selective occlusion) * This has been 

mwLf 1?™ 0f " ^ ry5U1, V* ? n *’ so ,l “ ! >' iB c,i!!0luli ™ which is the 
T'f ° a ' P^cras. In pure solvents, lhc dtsmluiion prnp:tcaics affine all directions 

%**. “ mC ' 1 tl,l,V t r T bLI in ,ht »rc laMor^mmJe **&!*“ 

tno,u U4 ? f i h . C ^ C i l,0n ^niewficular to the faces binding the additive is 

«Vnh ^ *?* ln <hc formntinri ofirfto in thc affeticd crystals 

^- J t^rr:r n r; ,ht ^ AnHiT ^ ** ^ vc ^ 

'-^eJ in [lie nre^ 0 *”!*» Thu! ' . ,JlC J ?" n T sla,s ° r a'P^finc are preferentially 

r ^ J,[:Hl Wl,if ,hc smoothly 

^Irnyll^cd **”* au » m “ ,Hl "-(*'* «M therefore, con- 

***2— “ f lhs ® lu “ ! conjuration. A crysbl with a polar aiis* is „ 
*.w k- 7 c J or f r <he constituent chiral molecules A-B (shown is B unc- 
r? r " ™. ‘ b r?t. S,m !’ , “ ) " n< ! ! ." > sl ' E " t"" 11 ' 1 <° '■ (Fi»ure 6.3). Bceiu.se of the 

IrWini. /k , f “V*. . P”" 1 ''' ,n<! ne * aIivc directions are distinguishable in 

.- 1JM :ip]e (but not by normal X-ray ciysullography) ud the determination of the 


(rejected) A- 
(occepred) A-B 


-k/ 

' A-B A-B A-B 
A-B A-B A-B A-B 
A-B A-B A-B 
\ A-B A-B 

l-)-ve --►{+!-*« 



A-X [decep led) 
PQlor axis 
A-B (accepted) 


, (adapted from Added! et aJ1986} 

F1[un IJ Axsifnmer-t of aw figuration usingaptibiu probes 

se=se of (he directionality fixes (he absolute configuration of thc motceule A-B In 
"V lhc ^annomorphous crystal {see Figure}, groups A emerge from the 'len 
faccs * nd BHOitps B from ihe right hand faces of the crystal. If the crystal is 
* owed to prow in the presence of n tailor-made additive, say A-X (A being 


. mcllh,J <s Ta qua*, rate mule mdhwj of ocnfipurihorul OectSon BJJi 

*™' —Ks*i or wofic cbir.iii^ 

-r JTu *"d wtt.pond.np 

k.^po enu i ample (mic. Bofh ihe method' mvolvr the rrrWment of i tmt nciea^ Uy i 

TcIm . I 01 * C ^‘ Thf DnJ ^ n Ihsi whtrt lhc EtEwt-rkcrrure 

^eihs d (di n lei > ihcrmndvfljmur phcnorrvrnoo which inPumcci Ihe buth pfopenici or ibe crvtinh 

tJ’lal'suifjH^ 1X31 n1 " ' 1C r,tWfll lllc[ ^ ftl * llar4 ' tn s phenomenon, riimely, fremiti oji the 

^' Ah w!Sh ^ a,fl ^^,hi " , coo'iJefcd. Thc Hutment 

lu ir^hili^lTyhrMeCHi'lfr^L.WC 11 nrvr'^nl? nmre cumriri [A ( JiLnrirl il IIHft}. 
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'"' change fa* 

SmoV analysis. By ccployh* Ikb «*•* «J« 

- sucrose has been determined by analysing the morphological change m its cr>— 

in the presence of di- and trisacchandes. 
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smwss*. 

e 

ftader is referred to an exHMLsiw rm»ffal«*i d n*fc**s wilh ihm aM*. 
tonfipuraiicins hy Klync and Buckingham I I97K1. 


0.1 Chemical correlallon of coni, |'imi1 Inn 

( a ) Methods without Involving, the chiral centre. The normalole- 
carry out a series of chemical transforms Corona 

conjuration, e g. tartaric acid* without affect,ng the chiral «rtc. ^ 
comjLnds thus obtained will have their configurations corresponding to the c- 
3 A fcw examples are given in Figures 8,4-8.?: the transformations (not . a_ 
reagents are shown) and the conclusions are self-explanatory, The j 

SSSi have been put into bra. In Figure 

has been correlated first with (-> malic acid of known absolute lotiH guratier 
and then with a product obtain^ from vitamin D. thus ^fishing r 
configuration of C-3 in the steroid molecules. Smcc the d 

S[e ,oids has previously been determmed, the correlation gives the atecli- 

configuration of ihis important group of natural products. 

(bfchemkal correlnllon involving diastercome*. In ™ “ 

the nature of the aloms next to the chiral centre miat remain «« ud 
ofien at least a pair of ligands or the two related chiral centres are same, as _ 
gfyceraldehyde £nd tartaric acid. An oliernxtive method ^Jcveloped^ 
Freudenberg, (1953-1955) which is free from these shortening and «JJP(*“ 
o molecules of the lype R-C1TX-R', common m many na uni P™S^_ 
principle, elegantly explained by Eliel (1362), devolves on the 
relative confiEuntion of a particular chiral centre in a molecule fa■ ‘ ^ 

containing at least one more chiral centre, Ihc configuration of which is know - 
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COjH 

p € 

nmj-c-h 

CH-ar 


C0*h 

fl*lfi| I * f’ttc 

-NH 2 -C-H -—i 


co 2 h J 

NHj-C-H 
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CH^Sh 


i 

CH ? Cl 



CO^H 

■ j " uu HoOBr 
H-C-MN 2 - ff-C-WHg 




HH, 


CH^COUH^ 


ChjNMj 


h-c-kh, 

I * 

CH^OH 

ttMllifll 

l PCJ * 

CO^ 

H—C“NH, 


c» 2 cr 


I *-1— Cj-l r* i n ■ 


™2* 


COjM 

L. 

COa h 

H— C-Hn* 

1 * 

hh 2 -c-h -► 

l * 

NlP,^C — PI 

CMjCO^i 

^ 1 

CHjCO^tt 

1 KMaO fl 

Cl^COjM 

? p 

CH^u^OH 





{'-}-AlMrl l |c actd f4|^AlJ»flrll( rt^Ml 

fM| 

<$ 

"""., b.mk-c-h 

CH. 



KW10 4 


f"| - I JPBlini 


CO^H 


NN^-C —H 


CM, 


(+ ) - A I □ i fl* 


I -) - rf- P h EnyPf rft | lb mJ a • 

Hpurt & 6 Canf^ioojJ condition of kirm ■ttiiwj io& in j , m | ne , 

« 


C0 2 h 

HD-C-H 


r 


CHjO-C-M 


ch 2 co 2 h 

M-Wflllc arid 


CONHj 
CMjO—15— H 


CH z CO a H 




CJljdH,^ H 


HtN. 


tPf,0-C“H 

I 


dH ? CO a M< 


CH»C0V_ 

I 2 5 


HCI 


CM ? C0JJH ; 

fAIH„ 


Chi 2 NH 2 


Ch 2 CH 2 C0Mj 



CH,0-C-H , Z MCI 
J 

CM 2 cH 2 rfn 2 

ui 


CM 


CH 2 CO s JI 


CK 2 CK z CO ? N 


FTfiire 8.7 ConFfrunlicin of 0*Eneiho*yi<fifii£ arid and jlcrwJs 


The configuRtinfl or (+)-nl,nthe at J « Lnoum Trout X-ray method. 
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Tht'n if Ihc centre can be cleaved in Ihc form of ft molecule from ihe rest or the 
compound. its configuration follows sulomaticiUly. The principle is illustrated by 
diliydroshikimic acid <Ylf) obtained from shikimic acid (VI) (Fipnrc 8.8) whose 
CNiifigiiruiHiii :ii f -3*1 -^.nnd f -% jj, kimwii by OMiwisinh into (+} il^Muyi'lncuii- 
dJhclmic* (Mllcf ftffi2) arid iniii a I, -l inetime (VIII)/ DihydmshiLimic 
acid (VII) is then degraded through a senes of standard reactions, (starling with 
the cleavage of eir-lM-diol) into ( I >-3-cirbO]tyadipic add (IX) which must thus 
have ihc R con figura linn. This is converted into 5-(+)-3-methyl he sane (X) 
(COjH — CHiX The configuration of a number of compounds such as (—)-2- 
nicihylbutan-l-o! (XI), (+)-2-methy! butyric add (XH) P and ( h^Mrthyiadiptc 
acid (XIII) can in turn be correlated with (hat of 3~m el hy] hexane through 
appropriate chemical transformation*. The last-named add (XIII) is available as 
a degradation product from (+)-3-me[hylcyclohcKflllone (XIV) which is 
obtained from (+)-pu!cgonc (XV) through a rcim-aldnl reaction. The conf* 
iguration of pule gone is thus known and with it, those of a few other 
monocyclic monoicrpencs which arc related to (H-)-pulcgonc through chemical 
transformations also become known. 
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H 





(VIII 1 
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ch 3 ~c-h 


H —C—CH-, 
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CHgCHjCMj 
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CMgCH^ 
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Jf -H-I 
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s-t+i 
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5-t-l 



Fleur* FrtHdeaberp^ mrtbod ef dmutal cwrrlutiun 


■Th< ponltpartUofl el D-flviXM hm already Iwn rein Led lo D-flwrnU(hydc(<nd Ktomtic will 
by Fiseber (xt Cltpw *)■ 
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fc) Ctinulcnl Irmthfnrmnllim litmHW tlir r hint I cpnim r. 

!ri-?a£SSSS; 
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FTpoir B.9 Configurational canrhlitm Ha replant of k 
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. .. ih. ..on■ l ’ mvtJ «■>* 

On oiidanon, ,l .ir un ls mi npiimlJy active 1 14 lr f' , ' 5 ' :t ' 1 ""/^y'Xf-Vn: ». 10). 
vlrlus of IB Inch of nyrai,: y ‘ adil wh ' l:I ' by 
XVJ1), yraniLiry I no a piano) mom have (he 2-OH on llic rifjit (at j„ 
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fi opiicallj actne — a Fad which is compare only wiih Ihe 
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structures (XX) and (XXI) i neither of ihcm has a a plane Inserting ihe 3-4 bond) 
In boib of them, ihc 4-OH (equivalent to the 3-Olf in nrabmosc) is on ihc left * 

71,15 miiIcs ihc relative configunnion of arabinc** as shown in ihe bottom row in 
Figure 8.10. 

(Hi) The next piece of information is supplied by the fact Hi at (+)-gulosc, a 
nniLirnlly occurring litxosc, on oxidation fives (he same snrcli-iric acid ns | t) 
•glucose which means lime if ihc lwo terminal groups or glucose, namely. Cl 10 
and Cl 1 j011 are interchanged, it would give a new sugar, gulosc. An equivalent 
sin lenient is that if the 2-iM-5 skclciisn filie nirr) of plncroc (nr r>r (lie derived 
saccharic acid) is tmitTflit/, f.e., rtn.iled through I Kff* in (he Fischer pryinrlmn, a 
new core filial of gulose) would be produced. An inspection of the two saccharic 
acitfs (XX) and (XXI) indiraies Hut il is true only for XXI which must thus be 
g ucosaccharie *cid. The oiher (XX) in which (he core remains unaltered on 
inversion is mannosaccharic add. Glucose and gulose arc related io cadi other by 
what is known as core inversion principle. This final evidence settles the relative 
configuration of (-)-mannn.se, (-)-g!uccBc, and (“Hutae which are shown in 
the bottom row, Gulosactharic acid (XXIa). on 180° rotation in the plane of ihe 
paper, becomes juperposablc with gl ucosaccharie acid in conformity w ith ihe core 
rTTf* 1011 pnn , Cl ^^ BfcaiJ3C or the established correlation or the configuration of 
D-gluccwc with <hai of tf-gtyeemdehyde. ihe present configurations mav be 
accepted as absolute. 

8.3.2 Methods based on comparison of optical rotation 

A number of empirical rules for configurational assignment (mostly correlative) 
based on flphcal miation (manured m [J line) have been cn.mchkil iinee Ihe tune 
van 1 1 lofT. TFic reliability of some of them is questionable in view of their shaky 
theoretical basis. NtvmMe* ihc, been frond «, be very useful. A summary 
of I Hew rtiL^ ,irc given below. ' 

I. Dhtee rufc lUhugncv NWH). The optfenl rmaiion of ,, ... 

pnmanly deternuned by the armn^mient of ntnms and pro ups (of tlifTcrenl 
polnriKihdnics) ill ihe mimedi.Kc vicinity of ihe chiral cenirc. Thcrcfure. ir two 
compounds have similarly constituted chiral centra hut differ in Ihc structure m „ 
point dutant from the chiral centres, they very often show optical rotation of the 
same sign and even of (he same magnitude if they have identical configuration. 
S“?5 " ^moloeous fully add scries with an o-Me group, eg. Me (CH^-CIf 
lu ™i ° r * , “ l ' c ^ “^gurotion. the optical rotations haw the same sign for 
*! " ' ht,ir ? olecijl3r rotations tend to approach a cc^iam value 
( 28") as Ihe ch am length increases. The rntaiion gradually decreases as the Me 

K shlfl ; ln ihc ° r 'h« Cliain. A pen cm lisa lion has been made nn 
the basis of the disinnee rule which shies ihnl the secondary alcohols (as XXIII) 

*7T the 4-on h pi acn f a , |fie riph( in ||(e ^ 

-- - 3 =St 
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( “ XX,V) fFi *“ ,e 8 1 » show and 

fc'MMation respectively. The usefulness of this rule is immediately apparent. 

CH, 


H-C-OH R=H, Cl, Br, ! p NHg 
CHjjCJHgR CONH 2 elc. 
ft) 

f XX1111 


CCUH 
I £ 

H—C—OH 
I 

ch 2 r 


R * H, M«, Et 
Pr, Bu 


Flp«iT 8.11 Rnurimt ag»f of Kxomjjiry dcohofi inJ ff-hydranyidlJ* idtaiuce rule) 

2 . Rule of shifi or displacement rule. The rule ofshififFrcudcnbcrj! ct al 19231 
Principle as described above. It *«!„ ihat if two smtarly 

“ f+) ' bCtiC add and 1+W** >™ centred 
* !^h” f derivatives such as acetate*. bennies, amides, ethers 

etc, cacti change would produce an appreciable but comparable shift of optical 

FreudtnhlT '■* Tl l!" 1 ***- The mcfhoJ |S iUwlfMed with the work or 
fTahk l n m cnnftpurafton of lactic acid and abnine is correlated. 
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*011 mhI MU, 1 * simlMj dmuifaL ^hitirul rki^rKRuiA dri rvew. - 

stated 2; ,U,C *■*“ "W-M" — lira 

■.hki iWHblS ifena" Uvf hf1Uev "’ ^ rmfvtJ '» ,h * iiydiniyidd min Ff It = [*h or groups 
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7 Stereochemistry 

4 

T in ' a f mor V c " nl Vc ™ cn ° r Iht rule »: £/*<• /wrdW*™™ to Or 

Jiirrouhtfinifs make tike contributions to optical rotation (Mayo 1959), 

^ lhC ^ j aprl, “ li ? n ° r lh '* ,uTe “ duc t0 Hudson (1909) who us«j it 
>w1 t i* UCT ^ ,ru < ?f ,trminiltlTir nf lhc refaliv c configuration of C-1 fanonwric 
!!7- t V P S C S Cd Wi ' h thG ElsSuiT1 I 1,it,n fw^eh utHttiuenily proved 
fTT?!*?? . in lhc D-aldoses. the o-anomera fthe anomers are, b v definition 

E” " fn "l rlSt W t CT dtI,mr<yta[ion fm Icvofolation) than the 

ddi™^ 1 \ h ^‘ 0 ‘ hC 4M,1,oracrs h:iV(? lhc hi(Sher fevornt.ilion (or lower 

ft frK } s,ruc,urei nr ,hc r " ur ■“«"»* f"‘D, n -U and fl-n of 

and 'JlTrvS 5 ^ ■" m , F,BU,e K f2 lwt[l >" m*iiwl rhair formst fat ill |, T ) 

atHl In richer projections fat the htiClitm; l-OI J is .11 t-l J|() Pl 



of-D 


/i-’D 


t<" — L 




D onomttl 


L erromin 
MgLirefl.n HtkSim'j hmiaiMm itiT« 

The optical rotation of a sugar or its derivatives is regarded as the sum of two 

*2 «Z ?“■ t JC 1° °\ “f C flmJ tlhi othcr due ,llc ■« ( > r Hi* molecule (lhc 
cKtcd line divttedie molecules into (he two specified segments) -me contributions 

ri . h , A foT C- ! “ Bd + B flnd " B fpr ‘he rest of the molecule (-f- for 
nghihanded and for lefihanded disposition of I-OR and 1-5 oxide ring in 

Fischer projections). Two rales known as Hudson’s isorotation rule. t are now 
formulated as follows: 

(/> For a pair of o- and /J-anomers. the sum of the molecular rotations will be 
apptoiima cly co«ui f2B) ,nd will be ckwetniitic of a puticul.r * 

derivatives). Tl will he indcpcncfcni of IICp*OR. 


T 5 rjst! 2 jrjr‘“* h “.. 

1 W 'IT’' 1 TV-S* fl “ rr * dc1 ' i e n: "" , Cl f'h= inmtnt clvui n ifari,.. f rf irp. ft* mwm,l rhilr 

i' i n ^ “ * ih < ^ ** r ■■*1-[ Jri-. nsrs 

* /r » .hr cur n,j, hr. IfudMw^n.Irt arr applim* |» iW prnkwiUnr Vl (U, m ' 


Scanned by CamScanner 





















Tr r " ' 'wjWUfUHnn iff 

5*-^“ :l - “ Hr ft. god „ WU , 

~’; bul , ■»«^^ZSSSr > ° Ubc ~ “ n,re 

ZS*"* fij 


Table 8 2 Mofeoihr f , ltafinns (tf „ WKJ ^ o^Iummc nml (wo chined,. 

Vl< = 

f^L fCBpfll 

TMljr fciptii 

2D value 
tM ff f 

2A virtue 
tM„ - Moil 

OH 

OClIi 

OCgfh 

+ 202 
+ 309 
+ 3)4 

+ 3l 

- K 

— 69 

+ 216 
+ 241 
+ 24S 

+ 16a 

+ J 15 
+ 381 


sssrry m ,hc ^sssk 

& Ess ir/hTT ff y,, T ) ,s «■ f >« f»»“.r 
bj“ i: lh p rr c ~ *■ *« - 

soittatron rule correlates the ^lruc:lur« of dum™ 1 ?!!' J hC apfl|rca|ton ° f 
MMR provides «,II bc„ er ^dc!,cc) "“ 0f m ' ,h *' 0"“* 

dley slinitld ^“mpa'cd for M ^-° W anJ 50 

5 m m ataz fc + s-~ $= 

may he traced to „ vicinal „.!„«■ + 176 ^ e ^>^-The reawn 

almost Hie a me for E \ um ^ and fa lactic |ihc Z oil*!™ tf " 1 ^ C "? Wh ‘ Ch * 
both). *a«nn* I me ZOI1 h.is the same Conjuration in 

«lyne < rv JS1 fr j. P s;*: 1 i!i 1 '':; •: cvri "r^ r "> ^ »»d 

to Ihis rule; ihc ntokxruhf miin>m r . m s,f rn ^l IwM ActonJlni’ 

« SiK 

t n°:;^ 3 vi«^r- vf res ™^ ^ 

doe CO s silt»<i|iKnl b klHwg u MJ I fl ""T- T 1 "! 5hfl '" raolc< '“ l3r 'Ollliiin 

■*""« ««“& -™r 


fc f ™“"' »"*" — «•«•» tl« in rrrh nownilnd,.* 
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178 Stereochemistry 

respectively which is approximately correct. Alt application of this rule is ill unrated 
by the determination of the position of the double bond in cholestenc formed by 
dehydrohalogert.ilton oF 3-chlorochokalanc. The double bond could be cither 
belween C-2 and C-3 or between C-3 and C-4 (Figure 0.13). The molecular 
rota I ion or the actual product is + 24B* which conforms In ihnt of 2. 3-clinlcslcnc 
flhe A values of 2-3 and 3-4 double brunts arc added l<i 9l n ), This optical rotation 
difference pieilind is now largely supcrseiti-d hy Cl> and OKI> mclhnds. 




. in 

= t IQZ t & 


+ 123* I 


Ft pare B.13 Ay^ilfcji Lldn of mnleeirtar rotation tlifferrtife in mwlurc dtlermiratioa 

5. Mills’ rule for cplmeric cyclofiei-2-enl-ols. Mills (1952) examined the 
rotations of a few cplmeric pairs of terpenoid and sieroidal illy! alcohols of known 
configuration and came out with a rule which is as follows: the mom levorotatory 
epimer has the configuration (XXV) corresponding to that of S-plyomldthyde and 
the moTC dextrorotatory one has the opposite configuration (XXVI) corresponding 
to that of ^glyccraldchydc (Figure 8.14). 



(XXV) S * OtXVU 



LM of MJlIl mk 
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.^different* in iMUmm between ihe epimen i% usually high and h increased by 
^-hftarion, Examples an Ihe steroid field Ate given by cha/estarr-^^oj fXXVlI) 
choJes/an-o-J-ol (XXVltl) which haw rnoftrcular roiarmrrt +- HOP fits* 
WPfive) and -f 467* fmorc positive) rcspectivciy. The former is conflpurafionaWy 
*ri:ed to S'fiycertSdthytSc and lhe Jailer io ft-gtyeeraidchydc. 

The method of ijiushmccmafe 


-it earlier been mentioned f Chapter J) tAat two s&rvcturaliy ximffar chj/at 
iccuttt of opposite uunfipurjiniin (i. c. hcEcr^cliiral). ft 3 mclimes form tfuasi- 
remic compound which an he easily eharncEcrised by iheir mixed mcli inp piling 
pj^nirn. Tlifs provides 11 method of tonfif irrational LwrcIaEirn of iwo f-pcora 
wrich may nOE he chemically lr.linformed fnEo each ruber The mellirxl fnr^inalty 
t-c to Fredpa J54I) i% very simple and lhe lenM lime einvuimirip but in Order 10 
fitted requires some conditions in he fulfilled: 171 The compounds in be 
r-npared should he chemically very similar: (if) ihcy murM noi ho im small anil 
t” usually polar; tiff) hulli ihe ennnlinmrni of at Iea>( urn: of ihe components fA 
Fi B) mini be available so ihat one can chock whether I f >-A and ( l')-H form a 
(ad-rjLTmic compound ami ( I )-A and f )-H form a simple rniilnrv or Ihe 
r-erse: fiV) ihe method is no! applicable if bolh fhe combinations form molecular 
riTipotinds (rare) or if both form simple mixlurt fmorc common). The method 
aj be^n reviewed (Fredda l960h 

A classical correlation achieved hy this meihod is between malic acid and 
^%yhucdnic acid. They do noi form quicn-racemic compounds by themselves. 
-)-Ma(ic acid is first convened into (+)^thyl xanthale derivative fXXIX) 
Fipnre {[,<<> .mnd-t h^Linpr -fe" found to form -n 'qunsi-raefmic compound .with 
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ISO Stereochemistry 

t+'J-dM lltionecarbonalc (XXX) of fH > 2-ilWolsi.mnie acid (sec tho melting 
poini diagram below). The con I ipu ration br_2-l]iinknccinic acid (XXXHis thu* 
known. The thiol in turn forms ,1 quttsi-niccmic compound with (— J-raclhyi- 
surrirtic add whose configuration ihtus follows. The thiol (XXXI) can be converge 
into S'filkylntcd thinlsuccinic acids (XXXFT) many of which form qunsi-racemie 
compounds with higher alky [succinic acids fXXXJII} and the correlation is 
continued. 

3,3 A Correlative me I hod based on NMJt spectroscopy 

NMR spectroscopy [ l H-NMR, IJ C-NMR, n F-NMR etc.) offers an achiral probe 
and has been extensively used for the determination of relative stereochemistry of 
diastercomcrs (sec later]. Tn conjunction with an optically aciive Solvent or additive 
with which the chiral illhMmlr fiimi.k transient di.rsreretlmeric av 4 ei.il(s for 
solvates], NMR spectroscopy may also discrimijiaie between enantiomers as 
discussed in Chapter 6 . Here ihe problem is twofold: A particular nucleus (say. Hi 
or a .group of nuclei (say, CIM must be distinguished in the spectra with detectable 
anbochrony for (he two d ins teren meric rotates and secondly, each ilia stereometric 
solvntc must be capable of being correlated wilh the spectral data. For an 
example, IS-clhyl-N-mrihyl-J-rnphthylamine-N oxidc when dissolved in S*( I )- 

2.2,2-lrill'iiirti-1-plu-uy Idl.. fnmiN two I dijisfrrnmwiit- s*Jvflk-K, \.V 

(XXXIV) a ml W,.Y(XXXV)|l , Tj'iixi 1 n.l(i) (liccoiihimmlmiix of which nre fined by 
interaction nt two pninl.*; a H-hnnding between N-O and Oil and n weak IhhuI 
between the ir-cFccIrou cloud of the miplil kilo tie midi-ns and the ricidie enrhiiiyl 11 
of I’li-CZ/OnCFi. An inspection of the (wo structures fXXXIV and XXXV) 
shows that the N-Et group in the former is cis to the phenyl ring and its protom 
are, therefore,, shielded by aromatic ring current relative to chore of the N~Et group 
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S.3,5 Curjrtaiion based! on asymmetric symhesis 
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fXXXVfJ) 


Fleure 1 17 Cram’s open cKjiji n,«Jrl 

° w' M f f> 0f 11 * '«*««' to the trigonal carbon from 
*'"rh 1, R ’ ™ c ") ln Preference to llul or R.« (route b) to give XXXHI 

c=o^ a fC^T ,Mian ” “ ££?i?; 

i=J is hC S a£Cnt beco,T1 “ ^lively the bulbed group 

1 IS which ill infra te ?’ antl R ' u Two c * am P ,Cs are given in figure 

-■* iUustme the ftl j c ind are «if^ pIarta!ory . Ir ^ «J 
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■nic rf/pote ef Die cjfboml bond a7j'ih: C-Vta!?™ ^ ' hf 
<h«y hre placed ami as in (ire model (XUT) fFfeu«82 if tT T\ °' k " ,ad “ 
*“ “ mni!ed - «* elceirorhilie chen.cr« *r ,i. . <,,po f e rr ' ,ufci<>n is 




Figure t.2) Cnm^ dipdt/tnodel 
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ilic nucleophile julds from (lie side of Its giving ihe major product ji.; shown. Ti- 
Fclkin-Anh modi 1 ! (XI III) in which Ifir rlrclmn-with, I rawing X is phrnl prrper-. ' 
cnlur In C=0 IkkkI itut predicts Ihe same sterenchimitfry, An cirinipfe follow*. 

2 . I 1 re toe's rule, Prefag's rule which Cflnvkilm Ilic con lip. urn (inns of chra ' 
Alcohols with those of a-hydroxy adds, especially mnnilcti'i; and nnd nlroliicnc Ck 
is the nuiL'unic or generalisation of the result* of asymmetric synthesis carried cc I 
by McKendc group in the early part of Ihe century. When pficnylglyoxylic acic • 
Cslcnficd with an optically active alcohol, tg., (“)-mcnihol and the ester z 
reduced with sodium amalgam (or with sodium borohytfridc), mandclrc 
enriched in one of its enantiomers, in this case, /!-(-), is obtained after comp‘d 
hydrolysis of ihe produel (see Morrison and Mosher 1971 ). The reduction step tr 
now been replaced by Grignard addition of mcihylmagncrium halide sn thr ] 
con figuration a fly stable alrolactic add is produced. Prolog's mle correlates tie 
Con figuration of the hydroayacid. i.e., alroladic acid with that of the alcohol r 
follows The cslcr of pbenyfglyoxylic acid is so written that the two eorbor;- 
groups are amipcriplanar as in XLIV (Figure 8 . 22 ) and Ihe large group Ri.(C- 4 ) t 
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Ilic tl lira I centre (if lUc aletilifil mok’ly is on tin 1 sarin- siili 1 of llu* Lchtnic fmlmnyl 
(PhCOCOOC*-L tins in n plane)*. Hdlf) mill Hu ft *2) are in ihe kick unit front 
of the plane respectively^. Methyl magnesium bromide approaches the electrophilic 
cjtrbon (of the ketonic C-O) from the side of R< more easily lhan from the side of 
Rh The preferred diastcreomeris thus XLV which on complete hydrolysis affords 
itroLaclic-arid enriched in J!-(“)-enantiom<i. The cafbinyJ carbon in menthol has 
ft configuration and it follows that obiention of J?-(->airoTaetic acid from the 
above sequence of reactions (esterification of an alcohol with phenylglyoiyhc aad, 


tfl Cm in'i rule, this ft ■ fmmil iml nn( • wrrlunMr i™"' P'^ni.. 

1,11 live mtairnam Will in pi** uf IL I* cun^Jered in wind 

w«fl ihe Approach from ** ri* ™niu ibat from lie IL wte Tie former n prtfcml 

■ mf lI r'U ri^llfF4 


Scanned by CamScanner 

















1 


Determination of Configuration 185 


G^gnard addition of MeMgX, and subsequent complete hydrolysis of the product) 
•■^£S the configuration of Ihe chin) alcohol as R. Similarly, if S'-f-f )-airolaerie add 
z t turned, the configuration of the alcohol is S' This is illustrated with two 
"rzidal alcohols, 7a* and 7/J-hydroxycholcsUnc (Figure 8.23). The asymmetric 
r^^iiion is usually moderate (10-30%) hut is sufficient for the correlation of 
gun lion, Since the configuration oF ntrdactic acid is knows, the method gives 
absolute configuration of the chiral alcohols. 



Itorcflu's nitlliOil. Unrcaii (1062) hits developed another cmpirfoil method 
br corrcldiion of configuration til secondary alcohols hnwd on the principle of 
c resolution. A secondary alcohol, cnariliomcricrdly pure or enriched, is 
* s * =s d with an excess of <±)-a-phenyl butyric anhydride (XLVt) (Figure 8.24), 
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Hpnrt 8,24 Horcui'i method of ccmlifunlioiul conrlanon 

“ := ^ oa | anhydride is hydrolysed and the optical rotation or the resultant a- 
— 3= 3* ttt Jn'c acid measured. The rule stales that an alcohol with R-cortfigumrion 

phenylhulyric acid (the C1P priority assumes R l >Rm) 
—- cs. No rationalisation has been attempted and the rule is strictly empirical. 

r::hod has the advnniagc itat if no optically active nlcohol is available, the 
~ = ^ : alcohol itself may be treated with optically active a -phenylbutyric anhy 
—- : ~ teEl insufficient amount. The unreacted alcohol is recovered and its 
“—measured. The rule is now reversed: if (he anhydride of J?-(+)-pheityl- 
~ —"d is used, the unrcactcd alcohol would have the R configuration. The 
— 15 sensilivc and can even be used to determine the configuration of 
’-^Tcarol* 1,1,1 -dj (Cf 1^ GfIOBCD i). 

I 

- Configuration of molecules wJHi axial and planar chirality 


^ jijoDs of molecules with axial and planar chirality, e.g., biphenyls, aliened, 

^=s,i?-(jnj-cyclo3lkcncs etc. are difficult to correlate with that of a molecule 

_ * 

fa vdiJ onJy when ihe DP priorily onferef 1^, R^. nrd R t ii > R^. 
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and t " 1 “ cklcd ? niy dur ' nE ,he bK *<*» 

nafrangcintnU, <tnii comparison of eluWnlr f f ' C s P cc| fe molecular 

a ^^^aafissass*' ■ 

M. I ConfTcurjttton of biphenyls and aimfnuiitw , 

7.14) in which ^cr,lio nS ^„tta y nd S C ;;^r“ } m h C "” ,1Cf 7 (Fi = UrC 
(TS) of the asymmetric hydride tramfer ,r7«^ T "l' hC l,a " si ‘ , ' on *«■ 
singly or doubly brideed hin'.mvl i, C ° correlate the configuration of a 

secondary alcohol «ed VuT Z f Z' ° f ,he »«'« 

KffissHSs 

V 



Tfson 8.25 Configurational wrfditfoo fi f brpfcnyb by uk syniht,* 

shown) **? ll “ **•"“ I ’ hc "> 1 rin * »«*% (as 

“T“ l { TS :^ l " cr sy Ihan 'rs-l. If the reaction is stopped before 

mtLst^rihr 'c^ r “° ne “ “" Chcd Wi,h lhc (+) ■““•W which thus 
Tnd douHv hd? m- Fr0m lhc ltinclicfc “ l “ lion of a ™nibcr of singly 

made Ihat ? , ?" ny '™“ " s dcsc,ibcd nbov =- a Scncralisation has been 

W UctLoMe^ ' raC,, °" , Wllh • s K+>™:rhyl-r buty| ca rbinol or with & 
ka™« .? S " c ™ Ch '? 1 ' m of ,he ^enantiomer of Ihe biphenyl 

con a m±"X^XLm tU « and 5) or the biphenyls 

™ 1° ‘"amtomcric alcohols fXLVDI). R from A-ketone and 5 from 5- 
ketone can in lum be configurationally correlated by the aiiolactic Odd method: 
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/ 4 Y-f t imWfrfi af ('tMjtwif'tnfctf j K 7 

Til e ph cn> fgf yinxy I k' ester fcim [he /f-iifoolml j»(vrs an rtcna nf , 
jttiJ tintl rhat Tr«jn the .V-alcnFml gim an cst'ess «f JV-f-hJ-airolselic acid 
foNowmg PreJnji'js rule, li may be noted ifuiE C-fi in the alcohol fXLVfJJ) It 
eh.foiopic but non-stereogenic free also Chapter 71. The two frees of the ketone 
XLVIH .ve homotopic {related by Q axis) by Interna] comparison but tn.iniio- 
[ojnc by external cojiip.msasi ht'iwcen the two rnanlinmcrre ketones, 

Once the dniifipuranons of a few biphenyls inch as XLV II arc known, those of 
Jinnv mlier* may he mrrclateil Hironi-.h the univniiiiina] ehnmV.il i misfiir.nations 
fl ijturc &.2(,) fl’liel 19621. 



F1 j;hk fl.IS Con^uracKHiBl cnrrckiinn orNpIvnyh ihMuphchejaii-il iran&form* riant 


S.-I.2 Configuration of eh inti a lie ties 

Several mcthixh are available Tor correlating the configuration of allencs with that 
kr «nrrodi.ssynrmctric mofccult’s fKrpw J970. Mormon and Mosher 197J). A Tew 
3rr mentioned below, 

I. Jiearm ngem ci it of propnf gy I a Jrolm 1. I lie cm i n ra t i. in of met 1i vhf-bn rvlcth v- 
-vlcarbmnl fXl.fX) (Fij» 11 re k,27.-i) has been deterrm'iinf hy the ntmlaclic sirid 
r:eihodr The /?-{”')-ciiJintioiiKr # fC-^ HI > iW) is treated with thionyl chloride 
- ten an internal nucleophilic displacement reaction with rearrangement {Sd') lakes 
;jcc r The resultant 3-r-butyl-3-methyl- ]-chloral]Tene is Jcvonotarory and assuming 
T 11 the rearrangement is highly stereoselective, ils configuration is It {an apoarem 
volition of Lowe's rule, mc Chapter IS). 

J " ClaiscrHypc rearrangement, Vinyl propat^yf cthcrc (eg., I.| prepared from 
“mparpyJ alcohols nf known- tiuiJigiirtiioii fas tie ter mined hy the a l tola die arid 


-- nrijtinal experiment f Iw.iuk cl Jl I'-Wi.!,. I'Jfif). llie jij-n nf mlaliiin nf Ihc ncclylenic J'ri^lvil 
'•i. IV) wiw ivMHif. f I I HlHiMif Ilf f-1. hvnnic nf liriviif nxViilinO iliirinp liyihulyMi. in Jtrlny'* 
"L-JiiiJ uhuli 111 turn fiwf a ivnni|! vwiKjiufiiliurml n.^FHiiirnE In the cMiirOflUcnc. A-f i linMcad nf 
Thu has beta tecrnily retsiflcJ by Elk-J and Lynch fTtirahedron Leitcra. I9S7. Jff. JaiJy, 
^ flr [ ec [ raperitncm bus nrt heca done so far. the Scheme In Fipuir ft27a hyportidiral: 
^-.'thtres-L ir ilJiHiratpc ihc prinriplc («c Lhevier and Mnoiweer. J. Off. Chtm,. 1937, 52,1,1.16 
a rficr evidenced 
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F^pire fi.27 CoilVnifanil wntUtfae of*ITcflci 

3. Diels-Alder rcadlon. The configuration or (-}^Jutiiiic acid <LI) has been 
correlated to that of f->norcamphor through the sequence of reactions shelve j n 
F»£ure 8.27c which consists of a Diels-AJder reaction followed by demdatfon 
The CKO-syn structure of the adduct is confirmed through the formation of an 
nrmyurtfJa 

inl ° l »™ m ^cfone !t The oonfiguralion or a 
series nr(H-J-ph^lalcnccirho^yLcnciVIs fIJI) (t-jj-.iirc 8,27d) has heen confirmed 
is s oy converting iliem into bronsotacloncs ami then into o-liydtQjyields of 
known a bsol utc con (igu ra tion. 

8.4J Configuration or alLyfidcnccycloaJhancs 

No General method for the determination of configuration of the alkylidenccv- 
Cloalkanes is available. The strategy varies from substrate to substrate and is 
illustrated here with 1 wo examples. 

i. 4-MdhyIcycbhcxylideneaccticacid. Ccriach (J 966) determined the absolute 


Samplo'i 


! PDF Combine only 


Scanned by CamScanner 








1 


Dtfcrmfoariofl of Confix f ration 1B9 
-mh v?™ i ^^M^ohayli'droeaafic acid-a-rf (LIU) (Fioure S^ai hv » 
me L-i-Honn of UfT is reduced caialyiiulJy (cis addition of 
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n PpW H.2S Cmfii-Iirinion n fi.-fc*-i.^ > t f - r .. | .. | || - 1 j 

1 ?n J?* l J*, IUr J ° r Ihc C ' s antl lrans ' somcn w l»c!l arc separated. The 
_(LIV) whidi happens to be dcairorotatory is converted inlo the 

*" ° | " olh " TKictio ' 1 ' ^raahjIqyc^ennccarbOHl. 

—^Vrr.vnY, J T'J y rcdnced wilh (-)-^«>or 0 yl OI j ra;l8nes i nnl 
1J- P L J lD ®l lc ! ke »'“»<* fLVUI) cinched in Ihc (+)-ennntit)mer. From 

=- i S (l^ jr^TvmrS - S '"S'” 1,coo ^S Llral ^ or of the new ch.nl 
_T 15 ' , “ *-( L Vlip. This is converted through a known seouencc of 

- 'O '££' ?*E ? nC ^ Ih ' VaIden ' nvcr s»on) into the phMmidc derivative 
w,th ,lie °; c obta.ncd in the first reaction sequence. The conflgura- 
* ~ ^) +m ^y^lobe^lidim«icciic acid a-d is thus settled as 5 i c LIJL 
^Configuration of l-tentylidcn^m'ihylcyclolicximc. (+>3-MeihyEcyclo- 

2^! f-W^WF^S?af Vi ^ r PIi) ” C ° nVCrtCd i0E0 * C l»SSL 

^ . j , K L ^f)'(Figure 8.29), the E configuration of which is confirmed by 

13 thcn Icduccd by UAItM ICh vvhich docs Jl 
with Ihc rest or the stereochemistry (Brewster cLal J966J, (+)-]- 
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di °l ineiliyJaiion gives the dimethyl ether (LXVf) which hns hccn 
^related with (IJ-larlarie ntfil vin it* tlijndhyl cllwr (I,XV} (through synthesis). 
* -- f~HWto"CycleMSde(ic, m ust therefore have the R configuration. 

For the configurational correlation of metallocenes, reference is made io Falk 
Schlogl (156SJ, 

I_5 Relative conHguration of tliaslcrcomers 

- ^[ercomcfs comprise a Inr^ic variety-of sicrcoJ.inmeia such ns /; nnd Z in 
^-pounds willi dissymmetrically substituted double bonds, cis and (mns in 
--T5 Lieu ted earbocychc anti heterocyclic compounds, exo and endo in bridged ring 
——pounds, cryihro and ihrco f.iyn and anti) in compounds with multiple chiral 
--ires, and so on. Two such diastcrcomers difTcr in,their relative configuration 
-- umilce enantiomers, can he distinguished hy their physical and chemical 
TTTpcitics and by U V, 1ft, NM«, imd X-ny diffraction. Their relative configuration 

‘ 1 “ rf ^rrnmcd by a comparison of their physical and chemical properties 
t ’i ell by the above mentioned spectral methods. 

■ Comparison nT physical properties 

iZlVlT T n f'T Wrrp n,lt >cra.iw configuration 

-"-r L^ T ^ h T l ' Ck ' nni ^ h >- J1 C'-np-rbo. of Ihnrphyriul 

t rl V r U ^ . . |X>ml <S ‘ [Vl ' nvk,n l' R 11 ' 111 ('K-Pd. density fj). refr.nciivfl 

. . m ' 1 ! A few empirical 

■ - h.ivc been workcil onl uml used cxlciuively, 

i Auwens-Shfta rule. One Of the earliest rules which correlates b.tx. d, and n D 
“ r“ relative configuration feis and inns) of monocyclic compounds is due to 
~~ and Skita. The rule has undergone several modifications and in its 

-:"t lorm (known as the amformrinnal ntf?) sraies that between two aiicyclic 
which do not differ appreciably in dipole moment, rhe one with the 
^-^st enthalpy has rhe higher kp., d t and m.-Tlic rule may be rationalised in 
r T 5 , h V** molecular volume or the tons isomer which is directly responsible 

^ “ lowcr ^ *[<d .The relationship of mnlrculnr volume with enthalpy and 

zjxm so obvious (see Hid 1962). The rule finds application in determining tht 
ZI* c ^|Fgutaiion oT many monocyclic monoterpenes such as menthoncs. The 

^/^ a ?' n n lI,C b ' P< d0 ” DOt hold for Bll£ y»C3elOhcMnols in which the formation 
— *i-bond influences the b.p. 

- vpn Arfccl or dipole rule. When two isomers differ appreciably in dipole 




^ uriEinul form, the rule oats that the cis iwnier h» the hichcr for the pronniei ft a d 
£j*l " 7* 1 I— Ihc eh isomrf hai J*KS£j 

b " c j “ -»«>* «£i 5 rSiSiCt 

^™ 1 ""*5 W|,h lw,J « more ia«fl the i nJQ with od« 

0DC 1IJiT titmx ll,c lfan * hM * lhc 6 'Jfi her b P- f wsrn liO.J'l ftiuher 

- . f0.7fl06 vrnustl.7^20), jfldh^Jier n B JI (I.42S4 vemu M2061 l E 
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ztz:: srr -r-«— 

k isomer of 1,2-didilorocLh.enc (CfCII — cr'im p £ C l- fllllJj,tJ ' Thu* die 

ic ■* ** bn. flnd t h ;? r dE ^ —< ta 

nlsfl conforms | 0 tfie Amis^him „m .c tmiiN fihi Nl h 0 ^ cw , 

hLh£rt = r' Ha) “ ndcroIonotlil, ' | c= CI CN>" ibef l ' t . llI '' r ' > ' l ‘ I ’ ra I* : '' c 

4^St"S"c!i poinli aU **= of 

molecule and the number and nature of the jsJktT 3 ^ * ,Ul lhat of thc Parent 
1972) in accordance to the equation: -dtuents pfescnl (Me and Riddell 

y — y ^ ^ 

j^ienlCDrapound^hE^'fcft^ummationofMnf'V 11 ^ *"? T * " lhe bp ' of ** 

The conlribulion (a) for an equatorial 

KHl mecfiyl fa +230 w ;,j, , daili ' ^. yl '" ^oSoane u + 19 .] ond for 

for vicinal e.e-rftaelhvl T?"'® 01 + «■ + 3.1. and -3.7" 

The calculated bp. of \^trgfa * ’, “ Hil ' Seniinal cl in-ethyl respectively 

•«i.JWmu +'"° **»■*mJ£ 

set 1 ” ,uc 1 *«*■ ****£.> 

ramcn. if" ™ l,clw “" » fair of ri, ami iron, 

itnd ,n acids. lhe lower Loc^ ^n^lT^ ? ,uh,ll[y in tncn 
Si*Tiific,inf resemblance Jenong thc c is ind in n < ‘ V?' 1 rapt:Cr - [hcrc « 

nntl jVirji fonmen of toiwn&lliij'?vl* "™ ,Cni nf ,hc "^iw "*nl nril M , 
lhe higher m.p_, and [flc | OWEr ^ VJl) rtLlif ™ [l «L-i.i |u IVL . j^n, 

[oluicnciil (Rgurc S.32). However itauc U ] Z<mi<1h ‘ i; .id ■*. 

U ' r ° f ' f,C dC(Wmfflfllion ^itblfeconn/urron^nn,,^;" *" 

JC • 

f ,m.p.72‘ 

^o 1 2.00 X I0 13 


,CO z H 


,eo 2 k 


Me* 




* I- H 

Ifi-P- ISO T Ihrt .1 i-1 

, ■ ,m,p, l*'5 m,*. 105* 


Me 


4.2XJ0 5 


3,G3 St ro 5 


12,3 X|6 5 




ell but Ikeicoedt,’bh'j^', 1 /™,‘rirt™tea£i‘j'«™"“.“ST‘™’ lanl * h W>""ie 
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*ri P ih i ' > '- Cnnial _ t ' ,IX wll " t ' v >'»*ln(!teoloonif« 

“ '" lc “'Daily has an anprecubL S, " f lh,: ,ra * lso ™' o aero 

fisuic 8.33). When (he sutnii, m ^ P ", „ n,0,n ' n fjcc U-dichlorcotoeae [ n 
P and Er), [he , nns b “'° f ">«»« PoCy ™J 

f t r??:' h : E'!*! h ”«'>°n«plana f dipole I™™ ™™ ???.*'* 




P = J,fl5D 

rsgofij. 

esrcnri 


'u> 


»- iSarj^rrs rry-■«» -— 

'.-r ! P° !ilion of the ahsorpiion inaiima 7"',^° f lbtnc (R S“« «-34>. 
: CT amiably. In ctolilbene, ihc iwo phTnii " the ab!of P Ii '>» coemcienb 
reason and resonance is appreciably inhfe^i” 8 ' *" “* q “" C pl,ra ' duc 


6^ a 7* OO ppm 

&p = <t. 50 p pm 


■~st 205 nm 

* 29*000 



^ ** UV ^ iwJ ™ R 1Bd 

^Tll65^j d 68^c”^)?nd Cr ^ !l y ’ ’ hf r mXc ™y or Hie C-C stretchin E 

-< differ stjjmTjcantJy i n the cL andVint T C ^ vi'bpniion 

To observe line C= C strcrchiim r^, ° mei ? c fsubstituted olcfimc 

- —wii3d bc nccninpjitiicd byn cliiiupr^ r q ‘ cnc ^’ l[ ts css cnijtl Hint the 

- = CHX to no! kSS ltr k m)tnCttl Tl * ■"« W 

= » absorb for absorbs „ £ ^ «* »nd 

J « L "jy)*n "ic dtmv- reptnn where [he ris 


1 Combine 
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TFu- 5?,^/ l m J! g *?? dl In ^^ymmcincalJy substituted olefins of the tyre 

* , . . CirR ' ‘ hc C ~ C batld ol ", lflc «isomer (1550 cm' J ) is more intense than 
that ofIhc tranj isomer(1673 cm' 1 )(Figure B,33)The Absorption band forC=C 

* f 5 d ' fl S n ^ msubsiituied olefins such as XYC =* CKZ unless two S ra upj 

m^rrtEi)^- 2 fl 'V lron S | * P° kf « in t^-dlchforopropanerCHj” 
Lt VL C *j Z ,s ? mcr has a Strong band at 1614 while the £ isomer has a 

weak band el 1615 cm' 1 ) 

. 5l2 a !cS“ fl ’i iho,v strong C=C absorprion both for the irons and cf$ isomers 
ft 1668- rfi7J and IC54-I657 era” respectively and may be used for eon fig u rational 
assignment. Both the isomers must be available. 

8. X-ray and electron diJlrncrJiM. X-ray ao.l electron tli (Traction give Hie aeiu-ti 
distances between various otonw and groups ns a trendy men tinned. When npnlicahfc. 

these techniques provide the most unambiguous methods fur determining relative 

cnnnpoj'iHioii, 

*). Muss spectrOmi'lry, In hulks ji|m ..try. nmtiinh'S me htuiifwdnl with 

i - ry fupb energy (10-70 eV) riectmn lira ms ami ..;i») Njx'ulra. m general, 

'.i IIII nl ril^rilTlinflFn Ihdltiuwnn ..V. . x_ l J|... . 1 ,■ w - 


Ui *y Lflc TBj CYf rfocrmn Ikmiii* nutf in ntnra: SjKXlm, in ^niisrsl, 

C.liinol discriminate between itemlisomcra In tin- e-mem reqtiirrd fur i:iinrpnmlinn.il 
a[primelit. Nowever, often (lie Irons isomers give mnliLiilar ion jK-niks uf Jii|<.ltrr 
intensity than the cis isomen; intensities of fragments arc also higher for the trims 
(see Green f 976). 


8.5.2 Methods based on Nhllt spectroscopy 

The remarkable development in the technique of NMR spectroscopy in recent 
years has greatly helped in assigning relative configuration to all types of dtasicrco- 
mcn. Three basic pieces of information arc available from ‘ibNMR regarding the 
structure of a molecule; (?) the chemical environment around a proton for protons) 
in terms of its chemical shift (5); (if) the number of them/caify equivalent protons 
from the relative intensity of the peaks; {Hi) and (he number and sterie disposition 
of neighbouring protons from the splitting pattern and spin-spirt coupling constant 
(J) respectively ,; The chemical shift nnd the coupling constant give valuable information 
regarding the relative stereochemistry of dijuicrcninets. 

]. Chemical shift and relative configuration. BJectrons associated with certain 
atoms (eg., Cl and Br), bonds (eg.* C=C and C=C), and groups fe.g., C-0 
and aryl) exert long range shielding effects on neighbouring protons. Since these 
effects depend very much on the relative steric disposition of the two interacting 
systems, they arc different for any two dia summers, Protons which are ccplanar 
or near cdplnnar with an aromatic ling or C=C and C-0 groups are dcshictdcil 
and protons which lie above them are shielded. Thus in /rflfl.i-stil&enr (Figure 
8.34), each of the two olcflnic protons >(H.O arc deshidded by both the aromatic 
rings whereas in the cis isomer, each or them (Hu) is deshidded by only one 
adjacent aromatic ring, .Ha's therefore appear at a lower field than IVs (67,00 
and 6.50 respectively). The shielding due ro an aromatic ring current ls best shown 
in the irons nnd cis isomers of podocarpa-8,11,13-tricnc (Figure 8.35). In the Irons 
isomer (LXVlI), the axial 4-Me is far away (mm the aromatic ring whereas in the 
cis isomer, the axial 4-Mc i.t all nasi directly above it nnd so is considerably 
shielded by the ring current (fit,00 in I.XVIt nml 0,35 in I.XVltl), 
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fLXVU) 


5 Mc 0,35 
axviii] 


j-lpirf KJS Sfajtlilinp rfTcn or (i n flfomalii: ririp 

The dcshidtfin]* of an olrfinie pmhm nml :iri .illylii' nu’lhyj by » t-is carbonyl 

- -up ii .sliown in I'if.iirc K,J(i whiirti i.s rJcIf'CXpLm.Hiiry (Nippur! cl a I 1972), f[ 

be noted tfiaE excepting ihc X-ray technique, no olher method can ordinarily 

— Aguish between these pairs of ilia stereo men;. 



ON? 


OUt 



t N 6.35 


J-lEBft SJfi IkihrcWJnf cITtCl of C-Offiwp 

cl a) (see Pasio .mil Johnson 1969) have worked mil an empirical 
— - .. correlating ihe chemical shifts of an olefirlEc prolan in n substituted 
7_T" ^hown in Figure 8.37 where 5c is the chemical shift of eihylcne protons 
ir ^ r . m ) and Zl is ‘ hc contribution of R, (g for frcminal}, R* (c for ds) % 
.'. it for irans) to be added lo give the overall chemical shift f5). The values 
^ rjcslilucnts depending on their position are given in ihc Table. Using the 

^77* Ph > the ajculaiod chemical shifts* of the efr- and fnm-iHilbcnc arc 6 7.D0 
--- respectively whEdi arc ii> good agreement ‘with lire experimental 
— ■ 34). 


R 


fltm 


os 


Iron* 



Alkyl 

O.dfl 

-0.26 -0.29 

R r 

C-0 

1.1 0 

1.13 0,81 

+ lzi 

on 

1.18 

-1.06 -1.28 

i 

Aryl 

f,35 

0.37 -0.10 


B J7 Cmpfricil ntrrrljrirm al chcmiejl thifa in {riiutafiutoj cthyfem 


■V If ty. C. Jim 11| r nit: A h innttiiml in m,. 
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in eycfo/icxanes, Jifi ccruaforial promo appear* at a slightly lower field 
p = 0.4 - 0.5 ppm) than an axial proton due to C — C bond anisotropy which 
is often used to determine Ihe relative stereochemistry of substituted cyclohexane 
derivatives. Thus the carhinyl proton in LXtX and LXX (Figure 8,381 resonates at 
1.93 in the sit (M/1 and at 3,37 in the inns isomer On like other hand, 
protons a»ached to an Jixially oriented carbon appear at a slightly lower Held Ilian 
llmw alinchetl to an ct[Lialnria1 carbon. Tims in I,XXI amt I XXII. a*C//> and 
e-EVf- rcMninLe pt t\ 2.74 mid 2.53 n^ivrlivrly. In 'V-NMK. tin* ihnnieal shift 
difiWmv lirlwmi an nsillily plmetl mbmi and an ri|iiiitLiriidlv phuvil rmlnm is 
more pmiuiiiiiml (Wjlsop mid .Sludins 1 P >'M] amt so mine <'Ii.iMv fur ;,tnvn 
chemical as^timieiU.TIte niiak;irbimrcMm:ilL's;i1 n mill'll liijdn,Tl]v|t||lmiuiimpia- 
lorbl one due tony-clTect arising out of [wupnthc interact inns with twvi ;'-c*irNm 
atoms of the ring. The large difference in the chemical shifts in the side-chain 
methylene carbons in LXXI and LXXII determines their configurations unambi¬ 
guously (Nasipuri et at 1979). An axial carbonyl group in a cyclohexane ring often 
deshields the axial 3-H and 5-H appreciably as in LXXII in which Ihe two axial 
proions appear at 5 2.24 .(ihe usual chemical shift of cyclohexane methylene 


mr 



»■« 


tLXm 



*£«* 37 « Eg^C.I 

<1_KXI (LXXII iLXimj 


ncBrtfl.Jfl DCflbvcnl fiiidJiniu of axial find cqumriripl puck I 

pmmns is around $ 1.50V This observation may also be helpful Tor stereochemical 
assignment in appropriate cyclohexane system. (Nasipuri clal 1979). 

2. CnupEIng constant and relative eon figuration* The Coupling constant (_f) 
between two protons depends on sevtral factors : the number of bonds separating 
them, the nature of the neighbouring substituents, and the dihedral angle (9) in the 
case of vicinal protons. The relationship between dihedral angle and i* is given 
by the Karplus equation, one of its simplest modification or which is shown below 
(see also Chapter 10): 


^nwii llWD 


For ft of O", 901", and IfiO". Hie Hpiiruxiinilir values nr J are 10,15, (J, mid 10 

Jl/. respectively {J decreases almost linearly from about 8-111 11/ at tr> to nhoul 0 
Bz at 90 # and then increases to about 10 He at 180°), This is illustrated for the 
trans and cis isomer* of 4-f-buiyleycloheiylace tale (LXXflT) and (LXXIV) in 
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y 1 for Ihc *“ Mnwrsraeni ziuf 12-IK Hz f ot the irnns 

H 



OAc J 0o *IM 
i/qp ■ 4*2 


iLXxurj 



‘J3 ~ 2-7 Hi 


/ ec - 2 /THi 


fLXXlV] 


FlpiBi B..3? Conjriijjp bc< wten vicinal p lt> Sam fa ejTdobttajet 

•O nounb^DS conclusion *“* B * Ust ™»«d* to reach 



' ; i 


- H Hi 


C«3 /H 

H CN 

^Irons" 


cr Cl 

\_/ 

s \ 

H H 

Jtrl 1 5.3 Hi 


Cl 

\ 


/ 




H 

J Irofti 


c; 

tei 

37 12 J Hi 


n p «r* *Ufl nippife^ anna* lA,»\ ill Xmm i *; 

n ««ess t th , nn m,<i cry,hro ' •• «* 

~nfmen *X 5 i 2 S 5 X&£SEteM Tb. prefer^. 

eOLphpg constants raly br cornered '(^"chinitt 1Vcn,Be 0f 

---ome k may be converted fair ™n P J? C * p( " 9). la mrc cases, the 
jr «™vcticu fair cyclic compounds m shown m Figure S.4i; 




OH 





=$h x 

tlXXVH) 

Rpnz&ai Cawn i,, rf«ycH c ,!«*«„,,*„ ^ ^ dtetTOnBli 

■ STiruiiS-r '” cta, "' r *» » «“ 

- ■«? * ,hJ ,iomtr “ “'I’tmcd by tdc 
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the crythro nmI (hrcii isomers uf I .XXV mi t rcnm ion t wilh tiii'thyl iodide 
followed hy heal arc liiiivuiIl'iI into t XXVI = 111 ■ I I XXVM reii vi-lively in ivliirfc 

Ha mid lln have different sicric disposition distinguishable by An. 

3. Nuclear Ovtrhauser efTetf I. If two nuclei have different chemical jhifls and are 
close in space e.g., JU and Hu in LXXVI fE>ul not in LXXVIH and if the molecule 
is simultaneously irradiated with Ihe radin frequency r* fthe reponantc ftequfntry 
oT HaI while recording the NMR sped rum. two thitips happen : The peak oT H, 
disappears due to saturation and the peak of lln (now an uncoupled ringlet) b 
enhanced in intensity (lfl-50ff) due in inetrnvil *pin-*pin relaxation Hie li'Chninur 
is Hilled don Me irrm lint Inn nrul Ihe rlTcd is railed innimr t inrhiuiMT c/faf f N( H ; 1 
The WOE degreases rapidly wilh inircnstnr dbuilliv hoiwtvu till* Iwo in lei at 1 1117 
nuclei and may be used to determine tin- relative Mcicndicitiislry in suilahk 
compounds (Dell 1973). Thus ilic I wo cliromans (LXXVI) and (LXXVil) may he 
distinguished by double irradiation with rn which would increase the peak intensity 
of Hn’in LXXVI bill not in LXXVIf (lln would be decoupled in both the cases). 

4. Use of shift reagents. Some paramagnetic reagents like hrxacoordinjtec 
Chelate completes of europium and praseodymium form labile molecular associate? 
with electron-donating polar groups such as Oil. C=0. nnd NH: and bring about 
large changes in the chemical shifts [dowrtfiekl for AEu nnd upfickS for AIV) of 

. protons for carbons in ,!, C-NMR) ffJofer 1976). The shifts known as lanthanide- 
induced shifts fLIS) are inversely proportional to the third power of the distance of 
the nuclei from the lanthanide and provide n sensitive mettiod of ascertaining the 
relative distance of various groups and atoms from the complexion site. One 
such common reagent is the dipivalnylmcihanain complex (Figure 8.42). Thus 
when the reagent fM = Eu) is added ip borncnl and jsobomcol respectively. 



M • [u or pf 


(LXXVIII | 


(LXXIXI 


Flpurt fl 42 Shift rrifrnts in3 laritlMEli'Ic-'fitfucrd s-hift^ 


down field Shifts are induced practically to all the protons in the mcfecuTes but 
more so to those near 10 OH. Shifts {in ppm) induced on I-Me. 6-U, and 7-Me are 
shown in the Figure (for 1: l molar complex) which may be used to determine 
the configuration. Chiral shift renpems and their uses have been discussed dsc- 

wIktc. 

8.5 A Oit'ii lien l me I buds 

Two classical methods for ihe determination of relative cimltgutation arc based on 
ring-closure and ring-opening. Ring closure involving two fun Clio uni groups which 
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th ° SamC 5 ^ C ? f a tJouh ! e btl11rl ar a rfrt R■* "'wav* more focile thou when 
y if® on opposite sides ((he ring for motion may not take place at nil in the latter 

ft, " E Dpcmnfc ' 0,wa J» li' v « 11 Product in whidi the two newly rclcnwd 
nctmntil group!, nrc on Hie rams side fris) tif n douhlu hnntl or n second rJnn, The 
?* mcnl for (he ring-dcttinr method nrc the formation of Dn anhydride 

m maleic acid and not from furmric nett* (on drastic condition, it does form an 
: Adndc but not of iti own Inn of makic acid) nml the spontaneous cyclisaiion of 
jjiumcncid (LXXX) toctiumann, TJw isomeric coumnrinic nettl (LXXXI) does 
«2f« Wlll,0ul fim isomcrised (Figure 8.43). The conclusions arc 



H co 2 h 

ax— ct< 


"Oh 
(LXXXII 

(llturo ft.4t ftdmtive cnnfinuraimn hy raift-dmuie method 

- nly the as isomers of 1,3- and 1,4-cyclohexnncdicarboxylic adds form the 
l ;.Jndes; the trans isomers do nor Both the ris and Inns isomers of 1,2- 

r *^cxanedicarboxylic adds give (heir own anhydrides but the ris does so more 
In this cose, ihe function 0 1 groups in boili the isomer are proximal (c,a 

<.£). On the other hand, c;j-cyclohcxane-1,2-dioI forms cyclic kctal but the 
ir-diol does not (see Chapter 10). 

e^nzene and /j-bcnxoquinonc on oxidation give maleic acid confirming its Z- 
ar aration. In a more interesting example, ui phony lisoxaaoJc U. XXXII) 
_ tt 844 ) h “ opened up by osonolysts followed bv hydrolysis to give the 
ner uf bruit moraine (LXXXJM). This pn Beckmann rearrangement gives 
L'liHde of benzoyl formic ncid (A) and not the dihcnzoyJimiric (B) which proves 

- rearm iigcmcm involves antr niigmiion. 

-C—Ph j rt _ Ph—c--c—'Ph 

B.R 




1 nr" xik. 

^ 0 ^C-Ph 2 ,H 2 0 


tucxxm 




(ixxxrn i 


L 


PhNHCOCOPh 

(A) 

PhCOlSTHCOPh 

IB) 


(l^urc 8.44 Relative eonfigufiitfoA by ring epeniflg nirlbotl 
transformations which distinguish two diastcreomcre will be discussed in 


-_ l mmetry consideration 

-ore tiienihrrx of a set of iltnsiricmmtr. may lie mesii tine to the presence 
3wa symmetry, In well cruses, the methods nf resolution may He adopted to 
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dislingiiuh lie leave isomer (the failure i 0 resolve does not necesssrilv □rov- 

« M«| f D S '“*** **"“ whc " onc mcitad fails, anoiber may succeed) InV 
_ c . NMR method. particularly the application of "C-NMR is often very he!-' 

fJm W-diraolliyfcydopcMajic-l-arljoxylic acid exists in three dinstereo ’ 
forms .two meso (meso-1 and mcso-2) and one [+) (Rcore 8 4S) (n nrira 

BU ' 0nC «" <**»»»» <l>e three from their * 
NMR spectra. In the two meso forms, both the Me ,, 0UBS 'h™*, 

toCOlT aPP '" “' 5l " Ck PC * )! of ‘*0-111 iT 
ttlld lbc COjH G mu ps are on the same side and is a result. 

Meand ifcSco 15 ?I* " " ^ field f V efrcct) ,lun *" mso ^ 2 in w*ldi *£ 
mi.n. gr ° UpS arC 0n oppe * 5,tc sidc3 ' ln the icElve form, the two 

groups ire an isochron olj and so give rise lo two si B flats each of intensity one* 

Me 



IS - 





ll*nrr ILJfl Hh I nlvr n hi il u iiEpur m i ml 


r|<¥ 


8*6 Summary 


I* riircn methods am available for the iltlcrmlnnlkm of absolute eonUnuraiJ 

"I™ ' t £UlCS 1 mCth0d ■"“* on ***** properties, mc.hod KlJ 

Z S' 3 ! t? nnd raelh0d bascd on lhc °* ofcrysL'il growth ms , 

probe. The last two methods arc discussed in Lhis chapter. 

2* Once ihe; absolute configurations of a few molecules, c .^ larLiric icid 
tnown, 3 number of correlative methods maybe adopted which include chc mb: 

<iu for mat ions without involving the chiral centre, reaciions at the chiral cc^ 
Wowing known stereochemical course, e. C . t 5*2, NGP, S*i etc, correla^ 
ihraueh diasicreomcR, and ructions involving clrnngc nfsymmetry In Hit produce. 

, In addition, the Correlative methods include comparison of optical rotatics 
and molecular rotation differences <n number of empirical rules have bZ 
improvised). The formation of quasi-mcemic compounds involving similarly cc - 
SJitulcd chiral molecules of opposite chirality Oictcrochiral) often provides a v Z 
simple method for co rre la Lin g configurations. 

4* Asymmetric synthesis using a chiral substrate helps lo csiablish a correlate 
between the configuration of the newly created chiral centre and that of tie 
existing one. Several empirical nnd scmiempineal rules have been worked 
such as Cram's rule, Prolog's rule, and Horeau's rule which have been discussed 

5. A few methods for the correlation of configurations of molecules have* 
axial and planar chirality such as biphenyls, allcnes, and spiratica with those if 
cent rod asymmetric molecules have been summarised. 

6, Diastereomere differ in relative configuration « well as in nil their physic.' 
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Alliii|%T, N.l .. Nsrn Yinrl. uko n'r M»Hiii\. J.ll, |l , i?'. 1| ji hi f l iiilmii-1,1 NMIl Kjirt 1 
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Chapter 9 


Conformation* of Acyclic Molecules 


7.1 Introduction 

The discusiion ha* so far hft'i confined mostly In Malic stcruochcmisiry in which 
~ molecules arc piclitml more or less ns lmvine fixed. rigid, nml timcdn variable 
srucrurcs. In reality nil rnoN-niks rxliihil mlrniiml<vnho niolibiu sui:|i its ilchimiii* 

:i of hum) angle*. IxniiI sirrtehing pililI compression, run I rnlnlion jinmiul one nr 
-r:c single bumfs all of which add a temporal dimension lo Ihc molecular 
rsimciry. As a consequence, a compound is hardly , ex peeled to have a fijicd 
ec^metry in depended I of lime; instead, it cxisis in a dynamic equilibrium with a 
:,mbcr of continuously'changing cncrgy-prcfcrred con forma lions which differ 
ih:m one anoihcr in Ihc degree of rotation around one or more single bonds 

- hrfral angles) and in some cases also in bond angles qnd bond lengths. They are 
_:":nci molecular species separaied by energy barriers and arc called cvtiformers 

ivtamtrs) which nrc basically sicteoiscuncrs (Chapter 3) in as much as they 
: Jer only In the spatial disposition of atoms and groups. Although incapable of 
■^dependent existence at ambient temperature, they are separable in principle, at 
temperature and certainly detectable or observable by physical methods, 
depending on their fcTalive population and the energy barriers separating them, 

. t conformers influence ihc physical and chemical properties of a compound, In 
~ il > s thc discrepancy between Ihc theoretically calculated values and ex- 
re-irr.emat values of entropy and heat capacity in ethane (Pfizer 1936) that led to 

- r 1 ediction of their existence in ihc first place, A study of ihe physical and 
~emical properties of a compound in terms of various conformations of the 
ter^nent ground states, transition stales, and excited states (in the case of 
rSecular spectroscopy) is known as conformational tixalyitis. Wilh conformational 
:-3lysis. one thus passes from the realm or static stereochemistry into ihe realm of 
dynamic steicochcmisiry, the iwo branches complc men ling each other in modern 
^"cochcmisiry. 

tlisiericnlly, certain aspects nf cent formal inna I Iheory were recognised long ago 
*7 different workers. Wr.licrmu (IftttH) represented Ihc product of addition of 
marine to crotonic add, (CHjCHClCilCICOjH) by three different eclipsed 
fa rotations; Sachse f 1890> and Mohr (1918) postulated the chair and boat 
^fi.CrmAlions of cyclohexane and iheir inlcrconvcreion; Hermans (1924) studied 
“ infiuence of conformation and configuration on reaction of acyclic diets; 
exstken (1928) iccogniscd the differential behaviour of two diastereomeric 
^-ane-2,3-diol.s on ihc conductivity nf boric acid; Wcffisbcrgcr and sVolf (1930) 
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2 W Stenochembtty 

,^ c , hn,MI in ' 

two distinct types of bonds to JI Jr ' d K^usdiftWG) nxufiiiMcd 

X-ray diffraction experiments on^jiachbrLwM" ft ? ys / !r of Ramin Win* 
manoi. However, ii was JJ&ssci ^9431 ,JK ^*anc mdicalcd a chnir ennfiw- 

h' 10 ," ?! #W > by h “ «"»>multaBl snVlv,h of^Th^ ,n<: ''uv" Prri,n,: '' 1 ' ■ lnd 

who laid the foundation of m nH,. ^ S ° rc y cl °hcxanc stability and reaeiivilv 

***«■« r ; >[ ■«* 

Erowih of the subject mainly in view of |V trrmi .‘ , ,Cre ! Jlshccn an "poncntinl 

mechanism rind in unilcrictandinr cnrv/ivLtjV ii 1 0l|1i 1 port .1 not in reaction 

mokciiJcjt, - ^ Cn?y '" lE * behaviour a , u | pr , tpn1 [| w (1 f lliacfl> . 


9.2 Molecular mechanics 


and conformation 


effects, eicctrojtalie ^ ? y ?*“ maj ’ 0r ftct0,J: sferic 

other in some cases (Wcsihefmer J9561 mteractfn B wft h «ch 

?" « merieevk arc relabelv for detCrmfr1 ^ *c sic* 

the conform alien and energetics nideciil^ ’ * ^ *Bttc*sfully used In pmlid 

The overall «rf c strain orSn“ cfk< ;* ™* *»■"«**. 

medianics, nmy be expressed j n ^^^ #nricni,r 

Willi four baste struct 11 nI nirinJl * f ffH,r Cncrw ^Umis iMncialaJ 
lomo.i angle (tfj-. flIH j ^ fO ? 0, k^' 11 

ns shown in Hie equation below: 1 J ™ oon-bomJcd alums m ihe molecule 


^ - I! f*) + n(/> + E ffl} + E fr ) (|) 

bond aracMng nnd compression ?' ^ S,ni " ,hj * 10 

bo A ^' c r °°r in£ from ,r Ew ““* “■ 

euHjykvtbo,]”Itdcoso 10 u ™ , «»«l 
ratain m* «* that ihe jichc Brain is mwSd^R' 

E>in for n molecule can tv* romnufM ,v„ „ .■ ■ , , 'k - £>'"). If (he energy 

«.i™.nd, «, , he SKf fc*tSS ' T ®-" nd rma ^ 

well « its ene^y in ihni geomerrYk know* wr?fc ' 1S $!CnC rc4 f uiremen « as 
Chemical equilibria and rttettorwates Tl* f 10 1 "™ 0,0 te Mr7Tlare <* with 

only approximate and CftE Ji TvS ’> ^ 

deforma lions is somewhat sSifiml and l!LT^l CWl£y amon ® lhc d ‘^nmt 
fMislow IP55). " d ad0J,fctf maM, y « a Winter of convenience 

9.2,1 Molccufnr <lefortnall aJ1 s and aferic strain 

” yasg 

^ w „„ _ C4W „, hlcrl 
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motion) find (he btlfld stretching nut! oiniprfestnn ate toll* vibrational motions 
nnd ore governed by J footed quadratic laws as in equations (2) and (3): 


E tef) ' kj iMr'dfflrtr® (21 

where kn is the bond bending force constant and an is the optimal and a the 
aetuu bond angle. .Efa) is the measure of ingle strain and is approximately 0.04 
i£J mof for a 1® deformation of a from its optimal value. E(|) is giver by 


EtlM — II-Vo^p* M5 JCIO 3 tl-l*] 2 hJ m 0 r f rtnT 2 £3) 

wherc ki is (he bond-stretching force constant, L the optimal and 1 the actual bond 
lenciL It 15 a comparatively hard energy funciion requiring approximately 3-6 fcJ 
mot for a bond stretching for compression) of 0.005 nm. 

The vnnaiion or potential cner C y with torsion Angle, on the other hard, is 
most SLnusoia.it and is given by live following approximate equation : 


^ fin (I -f- cfW nfl) (4} 

where G, is lln± torsional nur ): y harnVr nn<| n the pcriiMtidly, he.. I lie number of 

rrm« a given conformation rmir* .Itirmj; a ... rtxilinn, l-or ethane fsee 

C(i.ipier I), Hie eucrj-y Iwrirr is l?JM2.S k.t nml ' „m\ is ( n. fr ly hirthinnl in 
unjuH them being Imnlly any [iiiri-hiiiulm^ inlirrnclttin in ihr celled LoiiFunnalion. 
Tin* value may he used ns standard when com pm in/* the (orannnl strain in acyclic 
hydrocarbons with respect to torsion nrmind C-C single bond. J^r other type* of 
bonds, different vnliics (sec Table ‘>.4) for the energy lurriur arc In be used. 

The van dftr Wan Is potential function Tor non- bonded interactions contains two 
terms (equation 5) and is more difficult to evaluate since the constants A and B 
depend on Ihe nature or the interacting nuclei although (he van dcr Wonls atomic 
radn (r) can be determined with some degree of accuracy. 


E(r) 



or 



+ 0 


f5| 


Tlic first term is attractive in nature (lowers llic energy) and the second lerm is 
/tp tils Eve. As a result, when two atoms approach each other in space, the 
interaction between (hem is very small but attractive at large distances, becomes 
increasingly attractive (due lo London or dispersion forces} as the distance 
decreases, reaches an energy minimum at the van dcr Wails distance, and then 
becomes increasingly strongly repulsive for distances less than the sum of the van 
dcr Wails atomic radii (r). This is shown graphically by the well known Morsc- 
type potential diagram* (Figure 9J). It is the non-bonded interaction between 
two atoms within van dcr Wants atomic radii which is so important in organic 
stereochemistry and is known by different names such as stcric hindrance, stcric 
repulsion, stcric compression, and non-bonded interaction, Since the energy rises 
very steeply with, decrease of r, a moteculc having atoms within touching distance 
tries to relieve some of the non-bonded interaction by changing other geometric 

* Mmsc jKSftfllUl u’ualljr ruff* hi Uimlnl »(<vm hut ippfki ft|iinlTy here. 


taitlntrrl Dfir rnrO^llPU* fVlhi 
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206 Stereochemistry 


parameters. The hunt! length ik fur mat ion is ;i!mi guvrmn! hy a h:ml energy 
fimclinn mill is there To re (|tiilc liiuiled; ill iiMilmat bond nngti- dtTnnnjtlii'ii is 
rehlively ciisy jind occurs Commonly hnl ih rfftvl on Mricm'heinistry (rrcrpl Jiit 
small rimt ltiiii pounds) is m>i immi'iliakiy iippart-m. On I hr mlis'r I in ml, Ihr 
torsion angles undergo considerable change (0 accommodate any external strain 
and in doing so drastically affect Ihe intcraiomic relationships; this is obviously 
very significant in stereochemistry. It is, therefore, ihe interplay between the 
torsional strain and the non-bonded interaction (both attractive and repulsive) 
which mainly determines the conformational behaviour of molecules. Other 
peril item factors such as electrostatic forces, dipole-dipole interactions, and H- 
bonditig will be considered later. In Ihe following subsections, ihe conformations or 
ethane, propane, substituted pm panes, and w-bumne arc discussed qualitatively in 
terms of torsional strain and non-bonded interaction. For quantitative treatment or 
molecular mechanics, reference is made to a recent book by Durkert and Allingcr 
(1982). 



0.2.2 CiinfiirmnUorii id 1 vllianc, propnne* am) ii-li(ihmr 


'Hie poienlial energy diagram of ethane has already Iwcn depicted in Chapter J 
There arc three Equivalent energy minima corresponding to Ihe sniggered confor¬ 
mations (E,) and three equivalent energy maxima corresponding to ihe eclipsed 
conformation (E e ) (Figure 9.2) with torsion angles 60°, 1 BO 0 , — 60° and 0°,120°, 
- 12CT (with respect to a fixed pair or H’s at C-l and C-2) respectively, The 
important eases arc those in which rotation around fl single bond gives rise to three 
(ns in the case of alkanes} or two (as in the case of biphenyls) or six (as in toluene 
or nitTomctlianc or acetaldehyde) energy minima (Cahn ct al 1966). 


I put to test PDF Combine onh 


Scanned by CamScanner 







f mtfnru tniimt.f ftf A ryrtir A fnirtltb'Ji 207 



(E e ) 


(P e ) 


tMP e ) 


(MMP e J 


l^.OkJmol 1 14.0 kJ mo? 1 16,2 kJ mof 1 J9.5 kJ mof 1 

Figure 91 Conformations pfclhsnc, firtijunq. 2-mrlliylpinpi(iie, and 2. 2-dimertiyfpTiopane 


The energy barrier m eih.inc is 12.0-12:5 kJ mol" 1 , approx im.nely 4 kJ mol' 1 
per *H-H eclipsing nml Ims txrn said lo |>c tine lei [orsionjil fl'i^cr) strain. For 
clhnnc, llic ilislanee U'lwfm Hie pjn'ri nf eutip^cit M's is 0,23 nm =i|;ninM ihc vun 
tier iViiiiis ,-ilotnlc null! Ilf 0.24 iim. *1 lie Meric iiilcoielifiil in [lie ttlipsing is thiu; 
irjvinl. nnd m ksl jillmiiiiIs fur only 10% uf ihc mini energy bnrrief. The origin. of 
Hie major p.irl of torsional strain is slill conirnvcrsbl (may be due to an electronic 
factor). In the case or propane, ihc energy harrier, ix., ihc difference in energies 
bclwccn Ihc con forma lions P, and l\ iji 14.0 kJ mof 1 . 2,0 kJ mol" 1 , higher than 
llmi for ethane*. Since the skew I Ml anti Mc-11 infraction* (as in PJ arc 
generally ignored, Ihc value or 2.0 kJ molf is nltrihulcd (o a Mc-ll eclipsing In 
2- melhylpropane (isnbulanc). there arc I wo such Mc-ll colipairc* lind Ihc energy 
barrier increase* to 16.2 kJ mDl'\ (sec Ml', and MP f ) and in 2, 2-dim ethyl- 
propane. Ilicrc arc three Mc-H eclipsing and the energy barrier rises to 19,5 kJ 
mol" 1 , (see MM Pi and MMP E ). Thus for every Me*H eclipsing, Ihcnc appears lo be 
a non-bonding interaction of approximately 2.0 kJ mol -1 . 

The three conformed in each of the molecules differ by lorsioa angles of 120 1 ' 
among each other and arc homomcTi'c (periodicity = 3). In each set. they 
correspond to energy minima and arc arbitrarily given zero potential energy. 


*E. P, MP. and MMI* Hind for Clliane. propane. 2-meihytpropanc, and 2,2*31methylpnqwnc and s, 
And c Tor ^targeted and ftlip^nl cruifornijllom respeeiiVcty in Figure 9.1 
f T]ifn fs in addition tn ihc mulnnul M rain n|<l U mol' 1 . 
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five liomomlri^Sorm™ a ™'" ul lhe 1-2 and 3=1 bonds 

considered. Rotation around Ihc 2-3 bond on the nih * h' I,nd ° rc 1,01 

ranformtrr, which is typical of ■ |, 1rl . c „„' mh S lves 'hrec distinct 

diagram (Figure 9Ja). the difftrenf confomn™ ,n0,,!<: “ le, ■ ■" (he eneigy 
projection formula (dot Indicates mcitwl) -n,. , r " p,c,,:nlcd ^ Newman 
teiSnnlii>tis*nrcj!]nw,iscniirii(cJyr|:i |lllr rMin^ ' tnnfnrmcni win, t |tcir s |fi( . 
in details below. ^ y (l ' e " ,<: gJl 0- 1 1« stall features are discussal 



2. Syntni. C, point croup 

o=2 


C,a*is 


Cjj,-point group 
cr = 2 

Cj axis* (j pigju; 


C-J sc 

point group 
o-2 
C 2 axis 


Conrmnrn of Mraljnc 


* DcsBinaliOfl tUwJ on taisfou j,n E i„ „ ^atss^ htti. 
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I. l-ncfcy bnrHrra j rt.Hin rai . cxhihif. j. |*,icm, a | L -m-n-y dfornim will, if,™ 

3£r <!>• <""■ «•> iv) ,. f 

™ TO 1 IMSoulr'T,“h ^ taj P'rflcubly Up highoi poiaiiW 

™ i ?£, 6 '° U 01 ' I[ llM 1 ° pIanc anJ J * chiral. The confer maligns fim 

q /nd n0n TSS' rPMJlblC m i irTOr . i , n1 ^ M of Mch havinn torsion angles J 

■■ut oTan Jirl ia,pcc ‘^ cly w,lh an o( 14 kj mol very similar to 

. ^ of 5 ri «hpscd propane. TTiey conlain a pair of Mc-H and one H-H edim^ 

T' b ° ni,ed V" erac '™ s w" 2 * ra-ralyu the high po*£tf 

r„ ■? ,ta ‘" lera tt™“ hclwccn ln«pe groups (M r.u cifffds thill 

ta j' « ? s C d r ,,,, "' | »™!f*“> “ " ral h ‘- L 1 S-S is ,Idler 

J* ■ , fi> f ,an “ ! OT ^ tower barrier Jicifhl (14 kj is the 

the pnlJi o?S n,erj^. ,n fccE,IIM ,,,L ' c ' mftiTiiKt * *«** lo intcicnnvcrl via 

J* CiwfonnoTSi Jlic three ejici$y minima Cun forma lions (If). (|V) and tyi) 
the three eg a formers or which die 0nG (JV) with the two methyl] 

7 TV* fl,Ul * ,ltt: ,nml Here torsional 

~ vefV 5? , r "f yP0im ^ 0i;( > ,fte H '“ and Me-H skew interactions 
2 y mDL P 01 ,™ 1 " 1 cnci^y oflV is oibiiwrily taken as zero and those of 

: I~ and SK C ^!° “■ " h “ " “ nlre V-™uy. a c, ^ J 

■ ^na Belongs to L?h pcjnt group, 

■ rs ranformtn (II) and (VII with union angles of + 60“ and - 60“ respectively 

- . eon-saperposab'c mirror images ofcael, oilier and form an enantiomeric mi, 

' 7 “'hed?af an ! l"h ; 1 ™“ sh lkc m ' t| -P Q ' t > [ ° r to M bond and hiseedng 

~ “ an * fc be, 7 C0 lhe ; wo ™'byb nod belong 10 c, point group. They 
—«■ Or Skin- con formers and (heir absolute conliguiaiion may be 

r .emend, designated /“and if in terms of helical chiral!!,. The, , re couicncitic 

r^"nr cn " r r n ' 3 kjmo1 " ° ?[v «** b«S35 

'I"*™"™* and rtw a " i^pomni part in ennror- 
. .anil analys's. h more gererat terms, I lie difference in potential enemies 

'-W s * 1,lc / c " ,,fl " ,w r l ’ f !l «ntl fl less stable one 

f? nte ,he u,r£ional i™ quelleconfHrmen bt 

I'■_'■* ™ l thc eil,chc 'nwraclmn nripinaics from lhe non-bn titled inicracimn 

-”*pmd? C IWfl F!,UCllC ,mlhyk wl ‘ lir,L ' fa1u wiihm ibe van der WuhIn 

_V EC [ ,Crtl1 : * h ® ‘Sauchc imeraciion pets appreciably relief at ihc cn$i of some 
. ,nCrMSC 0f ,he tms, ' on 3ri S lc h Y a Jc|trec?c For cample, 

J? cxrK,, " ,CllS ? ,lldic:,l c a vtili,c or«3:P: K° for Hie London aiifile in 
-t ? 1 "*** Wcr ^ a,ld 0'J74) put forward it liypmliesis that wl,iki Lire 

UllCriCt ? n3 ^ WCcn lhe ^ oche bc minimised by a 

“®' C ' nd an E fe deformations, the H-H gauche interadfons 
-..s are almost ub.quilous cannot peneraily be significantly reduced by anv kind 
colccttlar distortions and the origin of eonrnrmntinn.il cnerpy bolh in acyclic 

- -T“i tupcnmcnml VdilLkm for hiranc panju: tnlmyifi^] n|ipttf e.a Iv 2.10-3 vl fcj n „j ' j.. . Im - 

- r or solu., W ph« -n.1 1 OH-4.2 kj nu,| ' i, ,| W ^ « n | A 

X7 ,^' f» ii«.) r*»-) k -wo i- o.3a u J 
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■j b ., w , uj me wui Kiiuwn reaction isotncrm (equation 6), 

AG° = - RTIn JC , 61 

AG°=AH°—TAS° / 7 ! 

where 4G° is ihe free energy change in the standard state (Gibbs free energy) 
and 15 constant at a given temperature, and K (the equilibrium constant) expressed 
JJ the ratio at the more stable to the Jess stable conformed (AG° is thus negative) 
The standard free energy change is related to the enthalpy difference through an 
entropy term (equation 7), In many cases, AS° is small enough to be neglected, in 
which case [he free energy change may be equaled with the difference in cnlhalnw 
In inc present situation, however, ihe gauche conformcrs luivc a <tintisiic.il 
advanage of 2, thus increasing the cniropy by Rln2 (which may also be ascribed 
10 an entropy of mixing of Iwo enantiomeric gauche forms). The Tree energy 

difference is thus reduced by RTIn2 which at 25*C is 1.7 kJ md" giving ihe 

varue or 1.6 kJ mol’ for AG° (with Air = 3.3 kJ mol' 1 }. This corresponds 10 a 
population ratio of I ; 2 for gauthc and anti forms (ihe symmetry number for all 
ie eon formers is 2 and so Js not la ken info console rminn}. Accordingly at room 

^ of . lllc +in, ‘ ffV) - m nt t'^uchc (II). and 
J7^i (VI), the Iasi hvo forming a rnociaic aihtun* 

As Ihe temperature increases, the pnpuLilfmi nr ihe less siahlc conformer 
increases and eventually becomes equal io Eilat nf the stabler conformer. On the 
olher hand, at low (cmpcrainre, die stable anil conforms prevails to a much 
greater extent and may become the only form deniable, At very low temperatures, 
the rale of mte icon version is also very slow. If AG< exceeds 10 kJ mol" the 
subEer isomer constitutes over 98^ of the total at room i cm pern lure, (K = *19) and 
such an equilibrium is called anancomcnc (Anicnius cl al 1966) or corffor- 
maiionally biased and the molecule comittuics an annncnmcric system (see 
Chapter 10) even though the rate of interconversion remains facile. Table 9.1 gives 
the conversion of a Tew confbmuiiion.il Tree energies into percentage [**ps<lnlions 
nr ihe siablgr isomer using equal ion (G), 

Talite 9,1 Cor formalin in I Tree energies and rhe popidnltmu 
of liw stabler Isomer al 300 K‘ 


•10° 


kJ mol f 


*of 


AC* 


Veal ffioF’ uiblrr aomcr kJ mol 


Vc.il ihul 


mbkr isomer 


For chui cohering § wiJerjirfe of iemperature,«t Cordon and Ford! 1972 ). 
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Canjimnaiians of A nr lie A foireufes 2 1L 

•i. The shape of ihc diagram : The variation oT potential energy with torsion 
Jrplc is approximately sinusoidal. Vibrational spectra as well as molecular 
mechanics calculations prove cuneljsivdy that the energy minima conformations 
correspond to the staggered forms am! Hu' merpy maxima in ihe eclipsed Itirww. 
Since (lie non-ho tided intcnicliuiu increase very rapidly inside the van dcr vVaals 
distance, it might have been expected that very sharp peaks would occur as ihc 
molecule relates towards Hie eclipsed conform;! I inn bringing the atoms within 
contact distance. However, ihc process is also accompanied with deTormalions of 
bond angles having ti sort energy function which take place in smelt a manner as to 
lower and round olT the peaks. In any ease, dll' high energy portions of lhe potential 
diagrams are raliter pomly defined ftVilsivn I972):mj their inilurc remains obscure. 

9.3 Klync-l'reJoK terminology for torsion angles 

Torsion angles play an imporianl part in discu&ions of siercochemical problems 
and so the terminology relating to ihcm must be precise as far as possible. tVliile 
Ihe different terms so far used such as eclipsed (opposed), gauche (skew), nnli. and 
skewed are quite adequate for specifying the conformations of molecules when 
bnih the moms flanking the bond arc tetrahedral. some nf the lerms lose their 
significance in describing conformations where one or liolli ihc atoms arc trigonal. 
The torsion angle is no longer a multiple of 60 9 bin can have inlermediate values. 
In fact, even for the iclfahedral compounds, in most eases the torsion angles are 
different from the idealised values. A general and detailed method of nomenclature 
has been worked out by Klyne and Prelog (I960) to describe slcric relationship 

across a single bond in a molecule or pan of a molecule. The rule* arc discussed 
hrlcnv, 

U lordon angle although used inicrdumprahly wiili dihedral angle has a 
sligJnly different connotation. Thus while dihedral angle is ihc angle between two 
planes defined by A-X-Y and X-Y-B in molecules of Ihe type A-X-Y-B. the 
torsion angle is the angle subtended by A and R across the bond X-Y. In contrast 
10 dihedral angle, torsion angle has a directional properly. {when measured in a 
clockwise direction and (~) when measured in tin anticlockwise direction storting 
from the front substituent A and ending at the rear substituent B. it may be 
measured front O 3 to 36(T continuously following n clockwise direction but the 
general practice is to express ii by the smallw angle prefixed by H ) or M. In 
subsequent discussions, torsion angle (fl)* will he used innsi of the lime. 

2 . l or specifying loraon angle, it is necessary to specify two fiducial (reference) 
groups one rroiu each set of substituents across the bond and this is done according 
to the Con forma i ion Selection Rule (Cahn cl at 1966) which are : (/) tf all 
substituents in a set are different, ihc sequence rule preferred group is selected. 


• Dihedral *n*fc is usually iloif ruled by ilie Ct/erk li'ltrr tbm |H> *1icrf:w liwuinn angle is drupmicd 
liy viriuic! Greek Irtien, cp,. r Paul. i» fom^al <J> fphlx an lI eten tt. lUPAC mwiCndulwre (ImTj) 
rffniiimtnilr (lie inr nf A jml m fur U«isnm anglr, In ihi*> irtj, fi ii itwil in iibwl nivi b^tih tie 
iliC lc-lIijlI impli' i^liil till li’isiim n iii-re Uflirir (lie sjjni imT ihr mi^lr is in 4 iiM|s<>i IimiI 1 fjny imunii 
nnil'le. Iniwi'ier, •!* h; iwil Mowing Niv.(t')H| wlmf tin* upm ai T | L -i aie imptirUfll, 
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2 [ 2 Stereochemistry 

(«1 ir [wo in a set art idcnlicat, the non-idcntic.il groan is chosen irresncclive nr ih» 

cEo S e„ hS ' ilUCnL ' i ln * KUK •“«*■*» the 

: sms 

f„ dSwiK »nd n 0 nM,< n <+> ,nd f~) for a relation ofO» to ISO® 
« o™ k "nlidockirije dtrecliciw respectively: Of) 5 yn for a viluc of 

0-9Q» and am, for a value of 90*. I SO" in both direuLns; and «M pertnhnv 
ntcamne approx,maid, planar and diaal meaning inclined. The cnnCS' 

eomhfom^ 

mnfor^tfon^rcma'i nx^nehrmped *wl^ll”« n | t |ilp*m'nik^i^e # Ls 0 irfM^^”rri( , |ni^!dvir , V«Mii 

.*. . .. 


! nhlc 9.J ()i k ^i+rin (hms of rimfctrtimfloiK 


on IijixI itn jm^lr 


Tnnliiiliripk (f!) 

L^Er^i^iiatiiKi 

Symlwil 

Itrffftnrc 

Ujui 




to A-buUnr 

multiple of 60° 

0* ± JO* 

+ 60 s ± JO 6 
+ 120° ± 30* 

180° ± 30 9 
- 120 s * 30* 

- 60 ° ± 3Q0 

i lyn-pcnplinjp 
+■ ryiMiinjil 
+ inli-dinil 
± intt-periplirisr 

— inii-dinal 

- ryn-ch'pa! 

+■ SC 
+ ac 

± ip 
- ac 

" HT 

ecJipscd ff} 
pufhe.dt). P 
edipsed mn 

ami (IV) 
edipsed fV) 
faucht fVn. M 

0 

1 

2 

3 

4 

5 


rooa «Weh , 6 1 ,rc ; f T1 ' c,0,si ° n “" 8 l« «* « pressed within a 

aopc. Which a more realistic since often ihcir exact values are not known; the 

InnliilhV 1 ,ll 1 lnll " e di 3 ttrly show the direction or a torsion angle: it is 

Xhe^Xand “ ° fi * molcc,,lc ‘W™ b y • *W«nl A-X-YrB 

wMIher X and Y are tetrahedral or other than tetrahedral; and finally it may be 

e^nnn h / d A a f UE mi'° <fc ? :ribc • nt,ial oonformaiion of polymer chains end ring 
compounds. A few illustrations of diCTcrcnt types arc given in Figure 9.4. 

men^hW^h^i ^^" 11 <?" lbcn ' nta. in three confor- 

- 60 ^ and +Er ,Hn V ‘ ? - 4a) WhiCh la '" *»*)« of I BO®. 

(±)In t-1 1 .Trl r+> nd " a:1 e !°T arc lhc a *1°™) and arc designated 
™ r \.^ M d K respectively. Of the three. (±> ap is ihe most stable 

,'S"" {r °“ PS bci " C aMi f” <««««*» nn dirolc mZm 
^mihrly. the (15,25) enantiomer of the optically aenve form ^vioc m -i 

conformers (Villa). fVJ|| b) . ,„ d (V ,„ C) whfoh are,tafgnated™ “% "so and 

(±) ap rcspcci.vcly. Here probably the conformer (Vlllb) is more stable (sec Elid 

and Brunet !986 for conformalioiml analysis or stilbcnedibromides). 

? “\ mpIC in wMch lhc - rolatlon “>centered is around 
P -sp bond Ii exists in three conformations in each of which either IT or Me is 
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214 Stereochemistry 

eclipsed with ihe C— O bond*. The fiducial groups Are oxygen and Me and the 
designations or the three conformsrs (Figure 9.4b) from left to right are respectively 

(±) sp* (+) ac, and (—) oc with torsion .angles of CT 1 , H- 120® and 
approximately. 

Polypropylene forms two types or linear chains, syndiotaclic in which the 
consecutive chiral ccnLres have opposite chirality and isotactic in which they have 
ihe uimc eh irn lily. The former exists layered in Jin all .iivliperiphnnr conformal ion 
(JXj Figure 9.4c), represented by (± apXf or (IHir^, the C-C hnnds in the chain 
serving as the fiducial groups. The taqiactic chain when represented by nit 
tmtipcriplniuir con fur mu lion (X) incurs severe non-himtU'd in ic ructions 
among the syn methyl groups which is avnulnl hy assuming n hr Mail 
Con formation in which the torsion angles itlimvnir Ix'lwvm IW and l fiir or 
I ttfV and — 60 a ns one proceeds nlong the dm in; the former arrnngcim'iil 
constitutes an M helix and the latter a /'helix. An approximate diagram of the M 
helix is shown in the structure (Xa) which may be designated (180% + 6CT), or 
(± ap* + sc)*, In the diagram, the torsion angles arc successively 190° (around 
Gi-Ci), +- GO 9 (around Cy-Ci)* 180® (around Ci-Cj) t + 60° (around C)-C*>, and 
So on. C T is the Lrtuulaiional mpcol of C r C, of Cj etc., three monomeric units making 
a complete 360* him (Goodman 1967). 

Torsion angles in cyclic compounds wit! be discussed in the next chapter, 

9.4 Physical methods for conforntitlion^l amdy.sis 

The properties of a compound exhibiting conformational isomerism cannot be 
defined on the basis of any single rigid structure. Instead, they arc determined hy 
the nature of the contributing conformed, their relative populations (which in turn 
arc determined by their enthalpy, entropy* and free energy), ntid finally, their 
kinetic stability (which is decided by the energy barrier separating them). In- 
formation on these points is available from many sources; study of pertinent 
physical properties such as thermodynamic pan meters, dipole momenta, and 
cliirnpiical properties; instrumental methods based on diffraction experiment]; and 
spectroscopy; and study of chemical properties including chemical equilibrium and 
chemical kinetics. In this section, the discussion will be mainly confined to (he 
conformational information derived from the study of physical properties and 
instrumental methods (see also Wyn-Joncs and Pethrick i960, OrvilLc-Thomas 
1974). 

9.4.1 Physical and thermodynamic properl its 

Thermodynamic properties such as enthalpy, entropy, and heat capacity* physical 
properties such ns densities, refractive indices, and dipole moments* and chiropticnl 
properties [in (he case of chirnl molecules) nrc influenced hy conformation in a 


"Actually, a Kl nf llifM mtl ■ »t of two subtilncnli dinuM Irml In ,tXl * ft riii’ify niiitmin. 

limvever, ntdy lawfulmiuiimn Willi II n» Mr piiHijw filial will* C O riuirtr i1lfe l ll > ►"w niriry, 
t Mclhytene Jl's in lyndliuuclie wui iwumic chains are htnnolopic and di.vitcjeolcpic respectively and 
» diiiinuuidwblo in KMH, 
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nls.MTve jin ihkhI prolx! for omrornutional 



TJ]C calorimetric me:hod also provides valuable information on the relative 
siabjhty ofcorfiguraimnii] isomers from heal of combustion data (rarely applicable 
Iq rapidly interconvertible conformed). Tims the heats of combustion of cyclo- 
albncs give a quantitive idea of ring strain. The method lias abo been used to 
measure the difference in enthalpy between a cydoliesanc chair and a cydohcrane 
boat cor former f Chapter 10). It has helped to assign the correct configuration as 
well ns the correct conformation to cis - and fronj-l, 3-dimcihylcycloheaancs (see 


Another thermodynamic method commonly used is to establish an equilibrium 
between two dnutcrcoincrs through chemical means, '[’he ratio of the two 
diastcroomers in the equilibrium mixture can be accurately determined by css 
chromatography or by spectroscopic method. The free energy difference (AG D ) can 
t ion be calculated from equation 6. The other thermodynamical parameters such 
. ns enthalpy and entropy changes can be computed from the value of if at different 


2. Dipole moment. Dipole moment measurements have been used for structural 
determination over a Jong period (Sutton 1955), The dipole moment is a sector 
quantity anti if the moments or the individual groups in a molecule arc known the 
mo ecu a r geometry may be ascertained from the measurement of ihc overall 
,!* , moment. In the case of a compound showing conformational isomerism, the 
dipole moment fo) of the molecule ft spur internal) i* related to the dipole 
moments of the coil formers by the following cquaiinn : 



any such pair) and //, and /i r arc the dipole moments of the conformed. Thus 
1,2-dichIorocthanc (ClCH^—CHiCI) crises in anti and gauche Iorms + The dipole 
moment of the anti form is assumed !o be zero fit may actually have a small 
amount due to libration) since the two C-Cl dipoles are oppositely directed, but 
lh,il of She gauche Juts a value of npproKunatcly 3*2 D (calculated wilh reference to 
ethyl chloride). 1,2-Dichloroethnnc in the gaseous stale at 22 if C has a dipole 
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216 Stereochemistry 

raomtrti on .H D cotT»poTHlln E to 8S% of the ami and 12% D f the eauche 
con ormers [equation 8), Examples from the cyclic system wit] be given in the 

next diiipicr. 

Dipole moment measurement* of diaxlcrcumuni often provide valuable in- 
J™ ! 0n ™ gardm fi lh f ir rcl:itiv< ? configuration a.1 well as the preferred con- 
7^^^ Jjd ^ r ^ I -2-itipb C ny | e l | i^e has n dipole moment of 
it 2 7 D * 1l1c lha! pf lhc opKcnlly active fV>rm is 2.77 13 which is cons Me rutty 
fvim fr' e " conrormrtiltin for the mmo form is evidmily ihc M)np 
fyifa) (Figure 9.4a) with Hie pairs of fh apd U opposiicly placed H , lint the 
■ !^ |C tt rcl.il.vcly low. Hie nclm- isomer fc mostly n mi,i„rc of ,wn 

conforms vm.i) and (Vlttb) both wi.h the two Cl ttnuchc The ovcrr.lt dii^ 
,L1S TO ^ dcrib1 ^ h, e hef The relative conlribuiion of the conformed in 

SS K ClCTTI,ined *" l ^ Ty ft ° m lh ' « of 

.htS T"^rtiw.^c corrc^Vion nl some common 

JjS'S' pr0reft,ft “ C V S b0ll[n E P° inl - Airily, and refractive indcjc with 

Xtfatef fox t&xttttoj'zittfa nwmifcr of rulfcs, nnuicfy 
von Auwcrs-Skila rule, for conformational rule) and van Arkd rule We been 
formulated. Other physical properties such as Kerr constants, pK values polar*- 
jraplnc rcducbtlilics, acoirslic rchxMtoo etc. have also been med /hr confer* 
maiional analysis (Elid el a] I9d5>-. The chiropiical properties of the chiral 
molecules will be discussed in a subsequent chapter (Chapter 15), 

9.4.2 S/MTlrusctyjle mrihotl? 

Different diffraction and spectroscopic techniques can identify the conformed as 
distinct ri£id species and thus provide more precise information on their geometry 
and also on the thermodynamic and kinetic parameters concerning their intcr- 
conversion. Because of the low energy barriers, the average life period or most 
conformed is very shark For an energy barrier of 20 kJ mor\ the rale of 
m(crconversion f*) as calculated from the Eyring equation fsec below) is approxi¬ 
mately 10 see at room temperature. In the equation, 


k - *U B T/h}e” AG +/ RT e ill 'AG*/RT 

Nh 


(9) 


the Iranminion coefficient (often assumed to he iimiy), It,. tlic^Ikiliv.inann 
constant, hrhc Blanck constant, N the Avo^dra's number. Act the activation 
energy, R the gas constant, and T the temperature in Kelvin senfe. In order to 

rrnvMrrt C hI ) r ° rmC ^ *,* m ° kcuijir *1*™. the lime Scale of observation 
ETSILJJ & ^“ n, 5 ulaT Unique must be comm ensure with Ihc 

J h fj!fcrconwcrsion or the system imder observation find ihc concern ra I ion of 

.j„ ’J™r' cs "T 1 ^ h, B h enou 6 h for the instrumental sensitivity. In Table 9 3 the 

KMK222J5T- of - ~ ^ 


*"■* !““■■* wJlh iMdlnm, #ce D.H. Evjm and K M O'Cftnficll 

fl98ft>lj. ^ JnaWcMl Oimary. Cd. A. IWuJ. ™lw l p.[|J, MhhI DeWtef, Mew V«k 
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Table 9,3 Tine scale el some (lilfriiciion Anil jpee troseopie techniques t 


Technique 

Time Hale, we," 

Technique 

Hiiig idle, VX L 

Electron ilifTnicricft 

nr 1 " 

Visible 

' itr 1 * 

Nrut rort ill fTracliihfi" 

m 11 


ta -M 

X-ny iliiTrio Lini' 

in'* 

k tie rowJive spcclmncfipj 

10’“ 

UV ipcci«w«fif*y 

ID 1 * 

Nk!R fc 

tQ~'-i<r 


* 'Jilt nueilii'H.ln iir uni'll,'nM^ to fuliil ami n >4 o,in|< 4 ipNf wjlli ikIF-t^. 

* Time sale ttiuiiJviiy deperkb- on ihc iy*lem under Enttriifjdon. *rd tc mpcraiuic. 

As evident from (he dun in Table 9,3, (he lime scale of nil the techniques (except 
NMR) mentioned nhnve compares favourably with [In: rue nf intcrcnnversion of 
ground Mule qdiirnnnm, Jlic livhniqiir* n Ti: briefly ili.sCihScd bdow, 

1. X-rny diffraction. ‘Hie X-r.iy difTFiicliun of ,i compound gives ihc complete 
structure showing nil the in l era (nitric distances, bond angles, and con forma lio nil 
details very accurately (Robertson 1955). The drawback of Ihc method is that 
compounds can be examined only in the crystalline stale (good cryslab). Organic 
chcmislj deal with compounds in liquid state or in solution and the information 
derived from X-ray experiments is tlms of limited application. Moreover, in the 
solid slate, a compound usually cxisis exclusively in its most stable conformation, 
e.g,, anti form in J^-dichlorocthane. Only in rare eases, isomorphous crystals ire 
obtained (as Tor BrjCH-CHErj) consisting of either of the anti and gauche 
conformers in the lattice so that geometric parameters of both the forms are 
available. 

X-ray diffraction technique is frequently used to study the existence of boat or 
twist form and any other abnormality in a compound. The geometry of medium 
ring compounds such as derivatives of cyclononxne. eye lode critic, cydododccane 
etc. has been studied by X-ray diffraction (Chapter 10). 

2. electron difTraclion. Ii is the electron diffraction (ED)experiments by Hassel 
iind his school which first confirmed Ihc chair con forma lion of cyclohexane, like 
X-ray diffraction, ED gives the complete structure of a conformcr but in the 
gaseous stale. For n compound showing conformal tonal isomerism, a set of 
interatomic distances for each conformcr may he available so that the geometry is 
well as the relative population nr the conformcr:; (aid hence the conformational 
free energy) can be inferred. The technique is limited 10 small molecules and gives 
information only in the gaseous slate where intermolcculnr forces are absent and 
live results mav. therefore, be different from those in the condensed stale. 

3. Neutron difTraclion. Neutron difTraclion (ND) has been used to determine 
the energy barrier nf some simple molecules which may not be amenable to IK 
and Raman Kpectral analysis due to forbidden transition. Neutrons with very small 
energy when collide with a contdrmcr in the first torsional excited state lake up the 
extra energy and move with slightly enhanced speed which ran be detected and! 
used to determine the harrier height. The usual Nf> technique, however, applies to 
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solid and Ls complement ary to X-ray dill'rmihin hut loe-iics It's which X-riiy titles 
not do well al all. 

4, Infrared and Hitman spectroscopy. Infrared (]R) and Raman spectra arc 
obtained when transition lakes place in molecules from a ground vibrational or 
rotational state to a higher excited state by absorption of electromagnetic radiation 
in ithe frequency region, 25-4000 cm" . The requirements for IR and Raman 
spectroscopy arc slightly different. For IR spectra* the dipole moment of the 
vibrating system must be different in the ground and the excited slates while for 
Raman spectra* polarisation must change in going from one stale to the other. In 
some respects, the two vibrational spectroscopies arc thus complementary to each 
other. The spectra can be obtained in the gaseous, liquid, or solid slate. 

TR and Raman spectra can be analysed for molecules from the symmetry elass 
lo which ihey belong and the total structures (for simple molecules) can be 
determined, A non-linear molecule containing n atoms gives a maximum number 
of 3n~6 fundamental frequencies. Therefore, if a simple molecule like ],2- 
dibrorooe thane (BrCHj-CHiBr) shows more than the expected lines, a mixture of 
conformcis is indicated and the relalivc intensities of the lines give their 
approximate population. Thus in the solid slate, dibromocihane shows lines 
charade rig lie of the ami conformer only. As it is convened into liquid, lines appear 
for the gauche conformer as well. A careful analysis of the two superposed spectra 

at different temperatures provides information regarding internal rotation of the 
molecule (Mixushima 1954). 

In the case or complex molecules, the usual practice fcj to utilise the characteristic 
bands of certain groups such as OX {X=halopcn, Oil, O-COK elc.) provided 
that the vibrational frequencies or the OX bond in (he two conformcra {say anti 
and gauche) mc sufficiently different (this is usually Ime for equatorial and axial 
C-\ bonds). If the mole fractions of (he two conformed arc n„ and n* rcspcciivcly, 
me equilibrium constant K is given by Itic cqimiion. 


n Q _ AgCf a 
n O fiqrfg 


(101 


where A, and A* arc the measured cxLinelioiw (intensities of lines) nml n K nmt ^ 
are the molar extinction cnefltdenis of the two conformed, gauche and anti. The 
values of molar extinction coefficients of conformer:, however, are generally not 
known. In Ihc case of cyclic systems, rigid or conformalionally biased molecules 
may be taken as reference, their extinction coefficients being used for the mobile 
conformers. One way of getting around the difficulty is lo measure the extinctions 
at different temperatures and to use van’t HofT equation according lo which 


AH° 

R 



K 2 

= In jp; K], l(z being oquilro. constants at Tj ,Tg 



In equation (11), the lerms involving the molar extinction coefficients arc eliminated 
and All 6 can be determined from the ratio of the two extinctions at two different 
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capable o!' forming I [-bond (-O-H-Xland rh^T* C ° nlatns lwo COnfo 'merc one 

by IR. The strengrh of the H*Jfr ^ ^TZ^'T^ 

stronger 15 the H-bond Thi* „i.. M j 7.7 J T lEIC B w r me value, the 

aructu^of ,he« n f Qrmnja „ d Vhe HZ** “ ‘ h ' 

cm') a ^7rart^7hcTraniro ,0 "h!. W SpCCtrnK ? w ' (ran e e •>=- 10— 10' 1 
molecular collision*. The srwcirum bClWeCfl f0| alsonal Slate arising oul of 
ciinformers gives torsional frequencies C ° nsc5lm i! of two or more 

which gives information rcgarL E ihe mvciur^ Ih^”*’™ nr ° r ^ cr ,hc ""“lysis of 
harrier lo inlcrnal rotation etc f Wilson 197^1 Th* h 0rS,D ? °. n ^ ^ moment, 
lw ° techniques: a frequency a * by 

extremely sensitive and nn jnlcnsirv m !!f f f low-energy barriers but 

relatively high energy harrier The two fechrVr C5?> accurafc huT "Ppheablc to 
other. 7 Wr ' 1 nc tw " '^hniqucs are thus complementary to each 

. .. “ ■«*■* 0nly 

have some dijutlc moment even if--.'^ ,r 1>rrvillr ^ ^lie compounds must 

mtcrnnl rotation of some Ivpicnl mnlcculesTi^t ? 1 he harrier energies id 

"** «*" - Table 7—spect^ 

therm odynamte methods arc also incorporated forcomparilTn ^ ^ 

used for conrolma’Sundy^ a^wb^the 5bmT ^ loa *P eclr ^GPY may be 
contains a chromophorc capable of inipri? ^ . COJTipc>u,ltl under consideration 
B™p in t particular cLfi TU?£Z « Lucent 

with an o-substiiuted halogen (or a derivalives 

disposition where the antikmdina ir* nrhJ k- i “J Ccpl0r « TOU Pl to axial 
containing an electron in I lie excited tin rj* , ltic ^tonyl function 

3$ ■>/ .n c dc ClflMt ™toup^ e ch'rrr sj r r ni ° <biwi ^ 

shift in ihe axial mnformer P )■ This leads to a bothochromic 

The n-rr* iransition (leading to weak ahwmriAni 1 i_ 
similar chromophorc in a chiral mo i ecil tl ■ p 5 m _ 4 carbonyl moidy nr other 
option routory 1 di^Si and «d b 

oorreb I ion (Chapter 15). hiroism measurement for configuraiional 

niMima InTewi^orcS^^BIi'areYfe'lcd “ IUlD8 ' 1 ”: bo,h lhc absorpiion 
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Table 9.4 Barriers to Internal rotation 


Molecules 


Harrier cnei^y f m icrt> wa ve) 
!dmol J teal mol" 


Harrier energy filicrmod>jumic) 


Clh.cn y 

Clh-ClliF 

aii-cjiFj 

cir,-CHjCi 

CII*.C[fjBr 

Cffi-CIM 

CJh-Oit 

Cll.-O-Cifi ' 

cii.^str 

Cif^WIJ, 

CIJrClfO 

CUi-CaMe 

Cllt-CH — Cllj 

Clti-Sill. 

CJh-WO- 


tl mof 


teal mol 


■« 


13.5 
13.3 

14.9 

14.9 

13.5 

4.5 
10.5 
$3 
fit 
■I.H 
■1H 
BJ 
7 A 

01125 


33 
111! 
3.57 
3.57 
3.33 
1.07 
2.50 
1.26 
1.94 
US 
U7 
l,9K 
1,70 
o.otM 


11.3-12.5 


113-19.6 


fi.7 

6J 

7.9 

4.2 

S.15 


Z 7-3.0 


234.7 


1.6 

IS 

1.9 

Ul 

1.95 


(n- 370)^^ k ^ '** Advajiew in (In-iiu-hI t'lir^x JiiitTM-irarr, Nrw YuiJi, ViJ.lf. 

r“- ThuS lhc UV W»“ or simple biphenyl nnd 22‘- 
dimsthylb,phenyl show X... 240 nm (r 19,000) and 224 nm (, 700) rupcetivilv 

10 , s»^ hr Thr 5h,fl r a ' ,<1 llC ,0wcnne of Wlinolioncoelnacnl in the tatter arc 
*nn C n h ,b,tl °o cf resonance md,rating non-ptarrar conformation. 
i. nuclear magnotre resonance spectroscopy. NMR has proved to be one or 

"'"''V'*- 1 "' 1 'my hcconvcnienil-. 
h „. “ . . . temperature or at low temperature depending on the system 

b,.l reomms tamer above 20 kJ mol' 1 to he useful (unto* „„e use, indirect 
methods-average J or 0 values). Some of the applications of NMR have already 
ccn d'seussed in connection with configurational assignments (Chapter 8). In a 
conformational equilibrium, (he molecules arc constantly changing their shape 
without a (reeling (he overall concentrations of the conformcra at any moment Tta 
quest™ anscs whether NMR can -see' conformed as discrete species or as iitne- 
averaged noa-ngid structures. This depends on the rale of imeteonversion and the 
time scale of observation which for NMR is decided by the substrate under 
consideration. The following equilibrium may be considered in which lhc two 
exchanging species contain only one observable proton with chemical shifls of j/ A 
nna kb ana coupling constants of /* and /n respectively (coupling may be due to 
any other nucleus in the species). The inverse of Ai'ah gives a measure of the 
NMR time scale and if the rate constant (fc) or the process is of similar order of 
magnitude Hina, typically 10 -i to 10 1 see"' (Birch 1968), the system is 
Amenable to NMR study ( C-MMR pcrmil.s a wider range) and precise informa¬ 
tion regarding the therm odynamic parameters of the rate process may be available 
front NMR. Molecules with an internal barrier energy of 20-100 kJ mol" 3 arc 


J -In l^al nnr 
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lhc NMRtim.^rcivailabJe: 

aita ^ biu 

(0 The exchange rare is slow on the NMR time m which c^ethe 

spectrum is a superposition of two independent spectra, one of AHa a 
of BH b with their characteristic chemical shifts and coupling constant. The 
relative imensitics of i* and u, peats give lhc ralio or ihe iwo exchanging spec.es and 
hence ihe conformational free energy at the temperature of observation. In Ihis case, 

ihe avenge life of the species (r) ts much higher than {/&»**. 

ffli The exchange rate is Fast on the NMR lime scale fr is shorter Iban I/Ai j ab) io 
which case, the conformers (exchanging spades) are seen as non-discrete species wiih 
intermediate structures and the chemical shifts and coupling constants are the weighted 
average of their values in AlU and Blfe. The chemical shift (V) and the coupling 
constant (J) in (he spectrum arc given by [he following equations where iu and m 
represent the mole fractions pr the two exchanging specie*. If pa and v* are known, 
the relative pofutjiion and [he couCormational free energy con be determined from the 
measurement of v since n A + nji = 1. Two methods are generally used to obtain 
these values: rating the spectra of rigid model compounds in which two protons 
are in similar environments as in AHa and or taking the spectrum at very 
low temperature so that the exchange rate is slow on lhc NMR time scale and 
individual values of chemical shifts can be seen (see Chapter 10). 


v = V/v ■+ °n v B 
J “ "a j a + n o J o 

In gcnerol ; V s ^rijVj; J s S0[ 

{Us) The exchange rate is comparable with the NMR time scale (t and I/A i^d 
ore of similar order of magnitude) in which case, a broad ill-defined spectrum is 
generally obtained- The shape of the spectrum changes significantly with tempera¬ 
ture and the kinetic parameters are obtained by a complete line shape analysis as a 
function of temperature fBinsch 1968)? A simple und common practice is to 
measure Aiy, from a spectrum nl sufficiently low temperature and then to find 
out the coalescence temperature, T<, i.e., the temperature at which (he two peaks 
just coalesce to a broad singlet. Below Ihis, the peak is resolved and above this. Lhc 
peak becomes sharper. The exchange rale (k t ) at die coalescence temperature can 
be calculated from equation (12) nr (13) which when combined with Eyring 
equation (9) gives the value of AC^ at T f , 

In the absence of any spin-spin coupling, equation (12) is used and equation (14) 
gives the free energy of activation. In ihe case of analysis of a spectrum in which 
the protons in question show gemma I coupling (such gcminal non-cqui valence 


•TtiiJ technique is known i> dynamic nurfieir magnetic icsuFunocf D-NMR) 
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A c 

E £ ft ^2 dV AD 

(12)* 

or * c 

B * t^40*6jJ a 1/2]z 

<131* 


= RT C (23.7+ 2.3l0ij T c /fiV A0 ) 

(141 

or AG* 

‘ RT C <23,7+2,3log T c /* c ) 

(15) 


□rises due to lack of symmetry which in lum may arise Irom restricted rotation), 
the exchange nte. A, is given by equation (J3). Ihe values of va* and being 
determined by the positions of the peaks in the AB-quartet (for some simple 
systems, sec Nasipuri ei a| 1977). AG* is then obtained Tram equation (15)** The 
topic has been reviewed fOki 19841 

The technique is equally applicable to "C-NMR with the added advantage that 
A* is very much larger {sometimes by a factor of 10) so that species wilh faster 
exchange rate may be studied. Two examples from acyclic molecules {Abraham 
and Left us 1979) are discussed here. 2,2,3-3'Tetmchlorobuiane exists in three 
conforms is: anti fXJa). /'gauche (XIb), and Jlf-^ucbe {Me) {Figure 9.5), The List 
two are ennr.numeric and so have iJcnircal NMK spectra, fn both the nnii and 
gauche con formers, (he two methyl groups arc isochronous for reason or symmetry 
In the anti form, they are Hanked by two clilurinc atoms and so arc 
slightly more tlcsfiielJril than their counterparts in the gauche forms. At —5(} n C, 
the two methyl signals arc well-separated (ii-^4.2 Ur. at f,0 Mlh) and their 
relative in ten si I y (tk dmvniiclfl peak is more intense) gives .i value of 0.7 k.J mot’ 1 
Tor the conformational free energy; i.c., iG ( - Mi. = 0.7 h.) mol V Hie two peaks 
coalesce ai — 3itXl lu a huxiil siu^lei and ihe. application ol equation (M) gives n 
value of 56.0 kJ mol‘ J for the free energy barrier of internal roLation.t 



<Xfa) (XI b) (Xlc) 

Feurt 9 J Con forma tinns <( 2.2.3.3-(EtncHoTobuiaflc 

N.N-Dimethylacetamide {XII) {Figure 9,6) is a classic example of restricted 
rotation around a C-N bond which has a partial double bond character due to 
resonance as shown. The two methyl groups attached to N are anisochronous, 
the one syn to the oxygen atom being slightly more deshielded At room 
temperature, the two methyl singlets are welbseparated (iv = 10.5 Hz at 60 

■ These equal iou spptj oil; when Ihe iwo ictiof Jmiereol spiel I s stwvv equal irtensity. In iIk c«c of 
Unequal ini entity, a eoivenicnl method Lit bem wnrtefl on I tiy Shamm-ALidi and WarO [1970). 

T Lm]y appUcabic for Ihe above itaion. 


- * 

rtni ii In Inrl rnT PAmhina dU’ilur 
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Conformations of A cyclic Molecules 2X 

MHz), The coalescence lempeniture is 65 a C and an approximate AG^ value ol 
74.0 IcJ mof 1 is calculated from these data. It may be noted that the internal 
rotation of the molecule docs not bring about any change in conformation. Jn 
‘‘C-NMft, Ar is 75.6 Ih fat 25.2 MHz.) and the coalescence temperature is 80PC 
giving almost ihc Mine value for AG+. 


CH-, 


o 


■n: 


,ch 3 ch^ 


XH: 


§- c; 


0 CH 3 CH 3 6t/CH 3 

^CH, O' ^ 


(XII) 


nynne *J.fi Ht'slni'iol riii^iinn in M. N-ilmtrlhyl-atrlrmikJc 

9.5 Conform nitons of n few acyclic molecules 

In this Section, the conformations of a few selected acyclic molecules will be 
discussed. So far, the general impression has been that the anti conformcr is always 
more stable than the gauche. Tins is true as long the interactions between two 
groups are principally steric in nature. As will be seen in the sequel, other factors 
such as electrostatic effect, dipole-dipole interaction, and H-bonding also have 
Considerable influence on the preferred conformation of a compound and may 
very wdl change the order of stability. 


9.5.1 Conformstin ns of alk anra 

For straight chain hydrocarbons containing more than four carbon atoms, rotational 
isomerism takes place around more than one C~C bond (such molecules are called 
multiple roiora) and the nature and number of conformcrs may be considered in 
terms of constituent n-bulanc units. Generation of an anti conformation around an 
additional C-C bond docs not increase the energy of the molecule but the 
formation of a gauche unit adds up approximately 33 IcJ mol fof energy. While 
rotation around any single bond gives rise to three conformed as in ir-butane. 
subject to symmetry consideration, no additional isomers are formed by rotation 
around bond canncciing any terminal methyl group. As a result of various 
combination of anti and pauchc orientations (three for a single rotor), the number 
of conformcrs increases. The increase in number, however, docs not follow a 
geometrical progression; firstly, if the molecule has end-over-end symmetry, iherc 
is degeneracy'; secondly, some conformcrs are STerically excluded. Thus in it- 
pentane, there are two bonds, 2-3 and 3 - 4 rotation around which produces 
conformcrs. Out of possible nine (3 X3), only six conformcrs can eiisi because of 
degeneracy (due to end-over-end symmetry) which are shown in Figure 9.7 and 
designated mr.w-anLbnnti or (.tap. .Lap) (XII la), ( ± )-anti-gauch c or (±ap, k-sc) 
(Xlllh) (its enantiomer ±ap,-se). UVgauchc-gauche or f+se. +se) (XHIc) fits 
cnantiomcr:-sc, —sc.), nrut Mru^pauchisganchc or ( -sc, I sc) (XII Id). The Ian- 
mturri ronWmi-r, liiiwi'vi-r, \m '.ynp^iiailr-1 mcltiyls nm| is of tiipli energy (ca |Ji 
kj inn| '} whirh lenvcs only fivt ttmformers appreciably populated. The anU-dnti 
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maio Qnti-anfi (i) anti gtmche l£) jnuilM-gfluctw nvto*gm(chr> 

(XHfo) lxm*j (xnic ? {xmdj^ 

Fleurs 9.7 Ccmfoimaifuns of fl*pcmanc 

■" M ?2?ir m s a p 1 " <1 ,hc o,htr ,wo (xnib) 

0 (XIIlc) toe 3.3 and 6.6 kJ mol of energy respectively. Newman projection 
formulae are inadequate to represent these conformers; instead, aigag extended 

uwd - P lralr "“ from C. to C,. hove been studied 

botli in solid and liquid states by Raman and fR speeiroseopy {Mimshima 19-id) 

In I he crystalline slate, often ■ single cunfornicr, (lie all-anti form is round hut in 

LoE, 0 ^^ equilibrium among various anti-gauche combinations is 

S totrin Si, ? a ' ncn8,h .’” a '“ cs - in ne slalistiail probnhilily 

of having on all-ant, conformation in the liquid or vapour slate becomes very small 

andconformcre with one or more gauche orientations predominate. 

tn confo ™ tfc,B Of branched chain alkanes are examined on a similar basis 
In these cases, however, in addition to steric factor, bond angle deformations also 

Dronsne' toTT IT 2 - mc,: hylpropane, and 3,2-dimethyl- 

propane haie already been disenacd. 2,3-Dimethylbutsnc provides an intcrcsiinc 

w'rvrown" ” “ hiral an,i txlvb > a " d "'VO enantiomeric gauche forms (XJVa) 
a LmJ r 9B> “■! """ «*"“ W" » ta equally Copula red 

“ ' V,de "“ d from Raman > IR . and NMR spectra. The 
conformationa! free energy ,s. tberefore, aero and the total concentration of the 

^ ch ' r "\^ , '“ 1 ™ that of the anti Similar preference of gauche conformers is 
to ' a -l. Till 

H 



H 


{XIVa) 



H 


Me 


Me 



fXfVc J 


Figure Cocrormition; of 2.3-dimrihylhuiane 
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compression evident from (be directions of arrows shown in Figure 

an ! f0tnllonal barriers in ih«c molecules, For 2,3-dimcthylbuune 
me ttriut. ore 18.0 and33.0 kj -of", (he higher one correspond ing toTwo 

and T C 1MI echpsm * S ' ncc Elation takes place through the path 
fl^-i7 ,S 3J1CC: thC £auche :B auchc imerconversion cannot take plac/directlv fit 
SSSuST"» “ e bi8h " “W »«■ through rasas 

9,5.2 ConrpnmtjoiK r^F fi^fop-L-noiilknnr-^ 

llI.m^ f S ,nnr,n . nJi " f " ,J,rf:L ' mimbcr ” f fwIrtgcuonJknncs ha sc been -riudicd bv 

s-vs 

(around 14-Js kj mol' 1 Table oar h" • 8,15 r ™ ar l ( iljly similar in magnitude 
the h T 01 V Table 9A) d “P‘ ,e considerable difference in the sire of 

__ r K ° 3 “ v “ oes 01 lhc “mer heights compared to ethane f!2 0 t! 

(rSTi'K'iS i““ ~—l~* M. «*_ 

E c as determined by microwave speclroscoov Electron di'ftva 
npcnnKnts show n torsion ancle rtf in* w-* h , ^ firactioo 

K'aMfitrsSSiMjiftt 

srj Wffa.v.waiaftBS=ss s 

KSSH" *• *■“*«™ » »—i *. 


Cl 



( XV(|) 


:^c 

H 

P*qauchp 

txvh) 

Heiotc 9.9 Cdciformiricni of u. propyl chloride 


Cl 


“D$c 

M 

At -gauche 
( XVc) 
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226 Stereochemistry 

The con forma i ion is of 1,2-di halogen octhancs (Figure 9.10) haw been extensively 
studied by various physical methods especially by dipole moment measurement. 
Unman, IR. and microwave spectroscopy. In the gaseous slate at 22°C, 1,2- 
didiloro- and 1,2-dibrpmncthane* contain 73 and H5% of the anti conformed 
respectively as against 61% for n-buinnc. The higher stability of (he nnti form fas 
XVla) in comparison to n-butane is due to a combined clTcct of a stcric factor 
(Larger in the bromide than in the chloride) and an electronic interaction (dipole- 
dipole repulsion), In the liquid slate nr in polar solvents, on the other hand, the 
electrostatic repulsion decreases crmridcmhlv due to the lugli didn'trie constant of 
the medium mul the ratio or gauche codormers (XVIb) ami (XVIc) iticreiises. In 
dicllloroclhanc, the two con formers (anti and pane lie) are almost equally populated 
in the liquid state whereas in ditto meet hane, the gauche population is 35% 
corresponding to a conformational free energy of 3.5 kJ mol" 1 in favour of the 
ami. Similarly, for 1,2-ch! ore Douro- F 1,2-bromofluOro-, and 1,2-fluoroiodoc thane, 
the anti forms predominate in the gaseous stale but the gauche forms become more 
in, the liquid state. The barrier height in 1,2-diehlorocthane (approximately 12,5 kJ 
mol' 1 ) is very similar to that in ethane which means that I Ml and H-Cl eclipsing 
interactions are similar in nature and Ihnt there is little IT/Cl stcric effect. 



X 


H 


H 


P- gauche 
(XVI t>) 


M -goto ue 

(XVJc; 


anti 

[XVla) 


Figure 9.10 Conformations of 1.2-dihalogenoelhanes 


As the number of halogen substituents is increased, the barrier energy gradually 
increases from 15-5 kJ mol -1 in ethyl chloride to 50-C10 ki mol -1 in hcxachloro- 
cllwine, the 1,1,2,2-tctrochloro-and 3,1,2,2-teirabromocthancs (Figure P.U) have 


the additional feature that lhey exhibit preference for gauche conformations 


H 


H 


H 



8r 


nr 


oof F 


^-gauebo 
(XVIIb) 


M -gauche 
IXVIfe ) 


(XV l J a ) 


Figure 9,1! Conformation j of polvhalojttflo* It a ner 
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Conformations °f Acyclic Molecules 227 


(XVIIb) and fXVIJc) over the ami fXVIIa). Moreover, the telrabromo-derivative 
gives two isomorphoiis crystals (depending on conditions} one comnining ihe anti 
and the other conkiining ihe gauche conformcr exclusively so lhat both, forms can 
be studied by X-ray diTTraciion experiment 

9.5.3 Conformation ami intramolecular hydrogen bonding 

Intramolecular 11-bonding between two vicinal groups confer* an appreciable 
amount of stability (8*20 JrJ mol '] to a con former. For effective intramolecular 
H-bonding to occur, the donor and the acceptor groups (Chapter 1) must be close 
to each other which is possible only in the eclipsed or gauche conformation. In ihe 
eclipsed conformation, however, the atoms come within contact distance, so van 
dcr \Vaals repulsive forces come into play and make the conformation unstable, 
The gauche conformations wiih a torsion angle of 60*70* between the interacting 
groups are ideally suited for intramolecular H-bondtng, The anti conformcr with 
(he two groups oppositely placed as in XVilla (Figure 9.12a} does not permit the 
formation of such a bond. 



X - OH , NHg ( F, CI^OCH^MHCHjjNfCH^ etc. 


Flpurc Ml Conformations and II-bonding 

As already stated, the vibrational frequencies of the free and bonded O-H are 
sufficiently different (Aj- 40cm" 1 ) to permit their separate dctcciion in dilute 
soluiion*. Elhylcnc glycol exist'; almost exclusively in the H-bondcd gauche forms 
'.\WIJb and XVJIJc). IR (in CCU} shows a frequency difference of 32 cm"* 
(3644 cm' 1 for the unbonded and 3612 cm' 1 for the bonded OH). 2-Chlorocthauol 
i ethylene chlorohydrin) exists exclusively in the ff-bonded gauche form in the solid 
sratc: in the liquid and gaseous state, an equilibrium is set up with 155* of the anti 
and 85% of the gauche conformed (iG°=4.0 kJ moT 1 ). In general, 2-stibsti luted 
eihanots of the type, X-CH~CH ; -OH where X = OH. Nth, F t Cl t fir, OCH,, 

*To ensure the abMnce of iittcrrcolcciilar H-hnnding. 


■ x ■ m n m 
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luvc ,he Prefcmrd e .urf,c coutbnn.itou 
4ftl£££ taS? ,mr "" 0lC " l!jr H - b0 ^- USU1 ' l > lhe «**■' I* 


9,5.4 C<mf(irmalinns of J-stibstiluted 33-<limtlhy(butanes 

The conformations of a large number or mnnosubsli luted 3,3‘dimcthylhuiancs of 
Ihc genera) formula (CII J ),CCH..-CII ; X (XIX) (Figure 9.13) around ihc 1-2 bout) 
have b een etudicd b, 'H-NMR (Whilttide cl al 1967) and Ibe conformational 
energies f-AE) determined for different groups. The anti form (XXa) is in all eases 
more stable than the gauche fXXb) and the AE values (Table 9.5) thus give the 
relative magnitude of gauche interactions for different substituents. Since the 
gauche interaction in these cases essentially arises from stcric factors, the values arc 
also indicative of the effective size or Ihc groups. Some of the interesting features 
are: (r) CH, and OH have similar interactions and so similar effective sire (this is 
in variation with cyclic compounds). ( f 7) The conformational energy* in ihc 


tHi 

I 

H 3 C-C— ch 2 -ch 2 x 
CM 2 ' 


( XIX) 


c(Ch 3>3 




IFlpun 9.13 C™fiv(iiii|loii<; prinM>C-Clt ; -C'l 1 >K 


Table 9.5 Conformational energies of some 1-substl lined 3.3-ilimetliylbuianes 1 

{aimccii-cmx 


X = 

AE, kj irof 1 

X = 

A E. U mol" 1 

It 

0.00 

Nil- 

4.53 

cm 

2.94 

COjll 

4.48 

cvm 

6.93 

CO, Me 

3.70 

F 

260 

man. 

2.50 

Cl 

451 

t>SO.C\Mal3r(p) 

2.50 

Hr 

5.49 

SWc 

616 

] 

6.76 

S-CJU 

6.21 

on 

3.07 

SCN 

6.29 ' 

CM 

3.49 

COMHi 

5.37 


iTiUa from G.M. Whiiciiilt;. J.P. Simiir, »nJ H,#, G«tj,/ Ante r. Ctm &r, 1967. 89.1135. 


'Their (onrormiHonil enerfia should noi be contused wilh conformation! I Tree energies of 
Subfliluenlt in cyctaheime dtiCuBCd rn (he Deal chapter. 
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Conformations of Acyclic Molecules 229 

halogen series increases as (he sure of Ihc halogen increases from fluorine, chlorine, 
bromine to iodine which is expected. tili) The effective sire is determined mainly 
by ihc first atom through which the substituent is linked as evidenced from (he fact 
that 5CHi, SCH, and $C*1K have similar conformational energy and SO also have 
0-C*tfs and O-S0=GfbBr ( p ). 

9.5.5 Conformation around sp J -$p J and 5p*-sp ? bonds 


Rotation around on sp J -sp* bond such ns in acetaldehyde and in propionaldefayde 
{Figure 9.14) should lead to six (3X2) energy minima conformations, three or 
which fXXla). (XXIb), and (XXIc) ore shown for propionaldehydc in which (he 
carbonyl oxygen is eclipsed wilh hydrogens and methyl. It has been shown by 
'H-NMR specira that these arc the preferred conform m (Ksrabatsos and Fenogfio 
1970). The olher three ennformers wfih the aldehydic hydrogen eclipsed are nol 
present in any delectable amount. The ccnfarnnlion.il frei energy of pro- 
pionildebydc is approximately 3.8 kJ mol J in favour of ihe con former (XXIc) in 
which the methyl group is nearly eclipsed by Ihc carbonyl oxygen {actually, the 
torsion angle is around 10°). This is true for alt aliphatic aldehydes nod also lor 
alkcncs with a terminal methylene group, e g., I-butene {C—O replaced by 
C= CJT:).The roinlionnl barrier in these molecules is relatively fow, around 6,0- 
tO.O hJ mol PropionatJehydc hns two,energy barriers of 6.3 and 8.H JcJ mol 



M* - 0 



H 

t XXIc) 


FTfrura $.14 Confm-miiiDEu of proffonildehyde 


Compounds containing sp^p 1 bonds belong to conjugated system and hence 
such bonds possess some double bond character. The molecules are planar and 
exist in two conformations, transoid (s-trans) and cisoid (jr-cis), as shown for 13- 
butadiene (XXIla) and (XXllb) {Figure 9J5). For stoic reasons, the J-trans (r 
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refers 1o single hood) isomers arc preferred over llie ,m:k. For 1.3* butadiene, (he 
conform,ilinnnl free energy is approximately 10.5 U mof 1 and die energy barrier 
is almost double that value. All ov/l-unsaiurjiicd aldehydes and ketones prefer to 
assume the Iran so id conformation (XXIII). Furfuraldchydc is another interesting 
molecule (Figure 9.16) which exists in (he iransoid form (XXIVa) in the liquid 
state or in polar solvents but changes to the eisoid conformation (XXI Vb) in ihe 
gaseous state probably due to the dominating polar repulsive Interaction between 
the two oxygen atoms in the s-irans form. Restricted rotation around C-N single 
bond as in the amide (XXV) has already been discussed. 



%- Irons s - Ccs 


(XXI Vo) [XXlVbJ fXXV) 

npiic 9.16 (t) fptifnffnflilt'i» nf ftprlHrnlilc-nyiTc fh) tu-tnrifuUtl imiilc 

9.5. fi Cnnfti mint ion* nrmmd earlifni-Iietertnihmi fmruh 

notation .ikhiihI siliy.te bond between sp'-hybridr* 1 *! carbon and other atoms such 
as Si. N. (). S elc, is also not quite free and leads in con formers. In (lit: ease of 
irivalcnt and divalent atoms (N, O, and S). the lone electron paint serve as the 
missing substituent. The relatively low energy barrier (7.1 kJ mo! ') in CHi-Sitfi 
compared to ethane (Table 9,4) is due to the longer C-Si bond. The energy 
barriers for CH'Oil and CHiNH* are respectively 4.5 and 8,3 kJ moE' 1 which are 
approximately one third and two thirds of ihe value for ethane (12.0 kJ mol 1 ). 
This may be accounted for from Ihe number of H-H eclipsing in the transition 
states which is one Tor methanol, lwo for ilieLIlyfamine and three for ethane. The 
rotational energy harrier in the C-N bond rises more steeply with increase of 
substituents than in C-C bond. Thus there is hardly any change in the energy 
hnnicr from ethane to propane but the harriers for ClhNJb and CJliNIICUi are 
8.3 and 15.0 kJ mol 1 respectively. The same is true for C-O bond (see CUiOH 
and CH'OCII., Table 9.4). 

In general, the free electron pair is effectively smaller than hydrogen or any 
other substituent and so is preferentially placed gauche to a bulky group. Ihe 
preferred conformations of some pertinent molecules are shown in Figure 9.17, 
Compounds containing two pairs of bee electrons (or one pair of free electrons 
and one polar group) on two adjacent atoms exist in conformations in which the 
lone pairs and/or polar groups arc gauche to each other fe.g., the ease of 11:0.- in 
Figure 9.17c). This is known as gauche effect (vVotfe cl al 1972) (see also Chapter 
10 for its origin). 
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9,6 Dinslcreomcrs: cdnficiirjKlmis, ami con former inn? 


Kroni the preceding sections, it is de nr that depending on the sterie racing 
electronic inlcmuiimx, and secondary linkages siuli n« I Mk mi ling, rrrl.nn mtilcvuJo 
iiMiiilly emi in oik* or inure preferred conformations (con limn cm), Ji Ls lives: 
conformcr* which primarily determine the ground si me behaviour of a com pound, 
namely, ils physical and sprclroseopic properties, cli implies I pnramcicn if any 
and tliLTinudynnmie stability. Chemical properties such as faction rates and 
react ton pathways, on the other hand, depend both on the ground state and on the 
transition stale conformations and will be discussed in a subsequent chanter. The 
conformation,!] effects can be best appreciated through the comparison of the 
properties of two diastereomera usually a meso and an optically active isomer or 
an enthro and a three isomer Depending on the con figuration,, each isomer exists 
in one or more prcfciTcd oonformalions and it is the difference in their con¬ 
formational features which in the long run distinguishes the two isomers as regards 
their physicochemical properties. This is illustrated in this section with the help of 

a few typical pun of diisfcrcnmers JhrmicJi comparison of their physical pro¬ 
perties and chemical equilibria. 


9,6.1 Diaslc roomers with [wo vicinal [jafogens 


The conformations of K2-dichloro-l,2-diplit;nylethane (dichlorosiilbene) have 
already been discussed in terms crdipclc moment In'NMR, the mreo isomer with 
preferred conformcr Vila (figure 9.4a) is expected to show a higher / }IH coupling 
constant than the active forms with preferred conformers VJIIa and Vlllb (see 
Karpins equation, Chapter 8}* which helps to distinguish between the two 
diasicrcomcrs. The computation of xrerio interactions in the preferred conformers 
of each isomer predicts that the meso is more stable than the active form assuming 
that the order e>r the gauche interactions are os follows: Ph/Ph>Ph/CL>Cl/Cl. In 
general, a meso compound is thermodynamically more stable than the active one 
On the absence of H-bonding) and an eiythro than a Ihrco isomer. \Vhen 
eompvrtrtvfc the free energy of an isomer with multiple conformed, due allowance 

must be made for the entropy of mixing (AS*), which is given by the following 
equation: “ 


a - 


— .... iJ'W J\[nilng Ji| t ij;log n* ■+■ ni lug m eic.^ ( n 

where n,. n : , in etc. arc the mole fractions of ihc contributing conformed 

Another pertinent example of n dihnkiginm cmirpouml is 2,3-dj'hrornotniiane, th 
meso form of which exists predominantly in the ami conformation fXXVia 
(l igure 9.18). The two gauche conformers (XXVth) and fXXVJc) wlihihrei 
consecutive gauche interactions arc relatively unstable. On the other hand th 

rvvwTtk/° rR ° f lhe 3Ctive r °™ fonly onc cnantioin er « shown) (XXWla) 
(XXVIlb), and (XXVIfo) are all substantially populated. The following values o 

gauche interactions are used to calculate the enthalpies of the different conformers 

Me/Me = 3.3 kJ mol \ Me/Br-08 kJ mol' 1 , Br/Br = 3.0 kj mop (in Hu 


*riir eiprnnwnljl J vnhif will hr a wriphinl »c»j(r uUtarupinftbf ovil.ili.im,, nuftmivK. 


|e output in ley PDF Combine o nly 


Scanned by CamScanner 







Canfonnaihux of 4 cyclic Modules 233 

Ikjuiil stale). 1 lw ftbtiw cnthiilnv mui 

mmaicd from these imeraciimw urc shiivITforVT^T" = 0) o* 

for each cn«i farmer. It maj ^ly 

flf Br 





H 



D; 


H 


M 


,XXVI <’> (XXVIb) 

tSkWW.) TilMmol'do*/.) 



Br 


Me 


Br 

Me. X N 

Br 

(XXVMo) 

4 ^ Wmor'^eV.) 


Br 



(XXVJc J 
^■1 k J moT* 110%) 
Br 



fXXVlfc) 

6.3 kJmoi" 1 [J2%] 


fxxviib) 

^6kJm 0 |-l( 4 j %) Q J R 

Cnrrcrm,bo«of1 ^ 

seen l hat the anti confcrmer (XXVfa) whirh 

SgESKfgg® 

racemic XXl'xtn^IVS form,. , hc 

spectra of the wo £, ? '* Cunfon ™ fXXVlIfa b ) of P feSut ™bfy 

* w ,1Vo diastereojncrs show- . ‘ * DT Ihc me$o farin Du- re 

fncso * neater than that in .h- - Th tI,z '"tonro/etular H-hr,^ ' ■ R 

•he Trice and the H-tandmi n u aC,lvie for rac *i™cJ farm The m the 

the strength of the El ll ?‘ 4 H sfrcfc hin£ frequencies (A v \ ^ween 

b 12 cm-fo r S£?S * 1 2 ™ ' *» He V ***** of 

—, -a^aasa-Kjgg 


Scanned by CamScanner 








234 Stereochemistry 



fXXJXo) (XXIXbJ 

Figure 9.19 Conform Hicwt' of butue-Z3~diob 

ihe enantiomeric conformed (XXVlIla.b) since it draws the (wo gauche methyls 
closer but is favourable in the diasicrcomeric eonformers fXXIXa) and (XXIXb) 
since it increases the torsion angles between the two methyls in the former and 
between methyl and hydroxyl groups in the latter, ft is further observed (Bid 
1962) that as the methyl groups are replaced by bulkier alkyl groups, Av increases 
for both the diastcreomers but much more so in the racemic than in the meso 
forms. Since the intramolecular H-bond is always stronger in the active (and 
racemic) forms, they are more stable than the meso isomers. 

9.6.3 Dinstereomers with vicinal hydroxy] and amino groups 


The conformations of the diasicrcomcric amino alcohols or the type, HtCH(QJI)- 
CH(NRj)Ph have been studied by NMR (Munk ct al 1968) and one of the 
compound. 2-fN.M-dimcthyfomino]-L2-diphcnylclhaftri| {NR, - NMe,) is discussed 

Itere In illnslrnle the use of NM It in cojil'urmnlmiuil uiLily%rv llu- tlnco iumirr 
(only ore enantiomer is considered) can have three conformers (XXXa), f XXXb), 
and fXXXc) (Figure 9.2fl) of which the last one (anti) may lie ruled out because 
of severe stcric ioteraeiionv e. E „ l'|i/t*h I Hi/NMi-; iin well of its inability to form 
intramolecular It-bond. The preferred can formers are, therefore, the two gauche 
forms (XXXa) and (XXXb) the first wish II. nod JI h anti and the second with It, 
and Hi gauche. Values or 11.0 Hz for J irtl and 2.6 lh for J„ mt » in this system have 
been assumed. The experimental value for the coupling constant in the three 
isomer is 10.5 Hi which means that the conformer (XXXa) occurs to the extent of 
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more thon 90S f/** 11.0 Xa,„n+ 2.6 X rv*n,ii*). The predominance of the 

conform er (XXXa) over the other (XXXb) is presumably due to a wvere Kent 
internet ion between Ph and NMci in the latter. The approximate nature of Ihe 
calculation should, however, be understood. 



eryrftroiXXXIo) (XXXlbJ 

Flfure 9.10 Cofifomjtioirj of 4 m jw* ilnhd; 


fXX XJc) 


la the erythro isomer, all the three conformers contribute more or less to the 
equilibrium population. The nnti conformer fXXXlc). Although incapable or 
forming an intramolecular H-bond. is not as bad slcricolly as its counterpart 
fXXXc) in the thrco isomer (absence of Ph/Ph gauche interaction). The NMR 
spectrum shows a coupling constant of 4 A Hi which corresponds to approximately 
25* of ihe ami fXXXlc) nnd 75% of ihe sum of Ihe Rnucht forms fXXXIu) and 
(XXX fb). Computation of relative stability of the two diasicrcomers is not easy 
but can be done essentially tliroirph comparison of conforrner XXXn of the thrco 
with eonformcr XXXb of the erythro structure which suggests that the thrtO 
isomer is thermodynamically more stable. 

(-)-Ephedriiw (XXXIi, R = Me), an important alkaloid of medicinal value and 
its diastcroomer, Cf^(—)-ephedrinc (XX XIII, R= Me) belong to erythro and ihreo 
senes respectively. Here also, the gauche conformers with intramolecular li- 
bonding are more stable than the anti in each isomer (Figure 9.21). Following the 
same argument as before, it is possible to say that the three isomer f^-ephedrire) is 
more stable than the erythro isomer (ephcdrinc) Two conformational observations 
have helped to settle their relative configuration. 

(r) It ha* been observed ib.it N-carbnhen?ylfoty-Hrtr-i^-cphcdrinr (XXXirr. 
It, - OLOt:il..l , Ji) readily fcarraiigrc in lire presence uf mineral acids to the 0 
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M* 

H 

H 

eryltiro (XXXIIo 1 

Ph 

H 

H 

CNj 

threo (XXXNIa) 

Figure 9.£| Cnnfnnunlion^ pf rplicilmir aih? ^-rpliritfinr 

carIvsben/y]oxy-dcn"viilive while such rearrange me nt is nni facile in the annlngtiiK 
ner-eplicilrinc series, tilts can best be explained on the assumption that iwMi* 
ephcdrine (from which (//-ephcdrine is derived) has Lhc three confguralion since its 
most preferred conformation fXA r Xf//6J permits f/ie formation of the cyclic 
intermediate involving O and N more easily than eiihcr or the conformed 
(XXXJIa) and (XXXIEb) of the erythro siructure. In the former, such an operation 
reduces the Ph-Mc interaction by pulling these groups apart while, in the latter, it 
increases the Ph-Me interaction by drawing them closer to each other. Although 
the argument is based on ground state conformations, it is equally valid for lhc 
transition stales. 

c/0 Ephcdrine is a slightly weaker base (pK« 9.14) than ifi-ephedrine (pKi 9.22). 
It may be easily seen that the conjugate acid of the threo conformcr (XXXJNb, 
NHR= N lIjMc) can form an effectively stronger H~bond through Lhc acidic 
proton than the erythro conformcr (XXXIIb, NHR = N*HjMc) for reasons 
discussed for butane^ ,3 »diols, The observation is thus consistent with the erythro 
structure of ephcdrine and the threo structure for tf-cphcdrinc. The structural 
assignment lias been confirmed by X-ray (Phillips 1954). 

9.7 Summary 

1, When a part of a molecule Is rotated, around a single bond, innumerable 
conformations result of which only a few correspond to energy minima and are 
called conforiners or rotamers. They differ from one another mostly in the dihedral 
angles. They are a kind of stereoisomers existing in dynamic equilibrium, easily 
interconvertible, and, in principle (but often not in fact), isolnble under appropriate 
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conformational analysis. In fact, such iniramolccularly H-bonded gauche forms are 
often me predominant conformed. 

The preferred conformations of a number of molecules having restricted rotation 
around sp -sp and sp'-sp' bonds are also discussed. 

6. The effect of conformation on the physicochemical properties is best under¬ 
stood through comparison of a diasiereomenc pair of compounds. Each dinsterco- 
mer exists m one or more preferred conformations and |he diltcrencc in properties 
of Inc two isomers may be assessed by a comparison between the pertinent sets of 
conformed. This has been illustrated with the help of a few pairs or diastereomers 
with vicinal groups which interact electronically (dihalogeno compounds) or 
through formaifon of intramolecular H-bonding (glycols and amino alcohols). 

Ilf Tcrmcri 

Abrahom. ILJ, and Loft us, P, (197#). in "Proton and Carbon-13 NMU Spectroscopy". Wiley, New 
York. 

Antcnim, SI. Tavernier, D. and Barren) nns, (IWifi), Bail. Sne, mint. Hrtjpx, 7 <. 39 ft, 

Amoii, J.G. anil Frit*, J J. (1959). in ’ I liemicklymimic* „, H \ fttnlmk’nl Mirjtih*tVn,iniiiV. Wile? 
New Ynrk. ' 

Barton, t>,F I. R. (1950). Ex'fsrricNita, 6 , M «t ilso Bari on D, I 1.R, and Haisscl, Q. (1971). in Topio 
in Stereochemistry", vol. 6 . eds, Biel. E.L. and Allingcr, N.L. Wiley. New York, 
ll.mind.ik'. A. (llttJ). in ‘Third Dlmeiuinn in Of^.tme aumkhy', Wiley, New York, 

ILiim.Ii, <i. (IWpJIi. in Topics in Siercui:Iteiukiry’, ml, ], eiN. Bid, ILL. and Alim nr. N,l.. Wife? 
Ntrw Vosk. " * 

llucvrlrii, J. mill (‘ulieii, K. (|V2K). Her, liar. -IT. Hl'l. 

MiikMiin. K. (1974). in ■Tupiii, in Steiovln-mkiiy’, vnl. n. *k | |,d. ... Al|iii*i*r, N.l .. Wili v 

New Yurt;. 

Burtert. U. and Allmrer, N.L (1932). in 'Molecular Mechanics', ACS Monograph. American 
Chemical Society, Washington, D.C. 

Calm, itS., tngoTd, C.K.. and Prclog, V. (IMS), slrtjcw. Chcm. ini. Edn, Eng}., S, 3 SJ 
EJiel, E.L. and Unmet, E. ( 1 ^ 6 ). J. Qrg. Chcm., 31. 1902. 

Eliel, E.L, Allinger. N.L„ Angyal, S.J, and Morrison, C.A. (1965) in 'Conformational Analysis", 
Intmicncc. New York, 

Eliel. E.L., (1962), in ‘Stereochemistry of Carbon Com pounds", McGraw-Hill, New York. 
Goodman, M. (1967). in "Topics inSlercochemisiry', vol. 2, cds. Elid, E.L. and Allingcr N.L. Wiley, 
Nqw York. 

Gordon, A.J, and Ford. R.A. (1972). in "The Chemists' Companion", Wiley. New York, 

Hermans. P.H. (1924). Z. Physik Chart., 113, 337 . 

IUPAC (1974), Rules for the Nomenclature of Organic Oiemtjiry. Section E; Stereochemistry. Pure 
A Appl. Chan., 45, II. 

Karabalsos, G.J.and Fdoglio, D.J. (1970), in ‘Topics in Stereochemistry", vol. S, edi. Eliel. E.L. 

and Allingcr, N.L. Wiley, New York. 

Kiyne. W. and Prdog, V. (I960), Ex,perienffo, 16, J2I. 

Lowe. J.P. (1963), Prog. Phys. Org, Chcm.; 6, t. 

Manehaian, M. and Elicl, E.L, (1934). Tetrahedron Later t, 25, 453. 

Millcn, D.J. (1962), in 'Progress in Stereochemistry’, vol. J. eds. dc la Mare P D D and Kiyne, W, 
Uuiterworlhf, Washington. 

Miibw. K. (1963), In 'Introduction to Stereochemistry", W.a. Benjamin, New York. 

Mbushinta.S. (J9J4). in ‘ Structures of Molecules and Intertill Rotation", Acad cm Je Press, New York, 
Molir, E. (191E). J. Prakt. Cheat., 93, 315. 

Murk, M.E., Meilahrt, M,K. and Franklin, P. (1963), J. Org. Chcm.. 33 , 3430. 

Muncflics. E.L. (1965), Inorg. Chem.. 4, 769. 

Nasipuri, D, Dhattaeharya. P.K., and Fursl. G.T. (1977). /. Chem. Soc. Perkin Jl, 356. 


itlliitii.ar 



Scanned by CamScanner 


I 


Conformations of Acycfic Molecuki 239 

Oil, M, (I9fl4) f In 'Mcthodi of Kl«eodi«n|ejl Annlytitl Apfdicfllion. of Pymimie NMR in Organic 
Chemistry*, tdI. 4j til. Merchant), A.I 1 ., VCH DmficlJ, HsriJil. 

OiviJIe-ThamMi, W.J. ((yT4j F ill ri htE«fia9 ffnblLnrl Ln Mnkt'iitei*. Wiley, New Yoik.. 

Pcthfick, R.A. *nJ Wyn Joiid, E. (I909J. Quernf, U, 301; WynJonet E uid Pcthrfclii R,A. 

(1970) in Toxica in Stereochemistry', vol. 5. ot. Eliel, &U and Aliinjcr, M.L, Wiley, New York. 
Phdltps, D.C. 1J914J. Acta Ojfr., T, 119. 

Robert 10 ji, J.M. (l«5)in 'DdcnnEnaiiatiorOriinic Siructurn bjr Physic*] Methods', vol. Leds, 
Braude, E.A* and Nwhod. FhC„ Acidank Press, New York. 

Roiaillu], L„ Rabotr, J.F. ant Humnet, I. (I9B2], /. Chtm, Phyt., 7S, SIT. 

Saithie, H. (I1W). &r., W. JIGS, 

StuutuvAlidi, [I. and Bai-Eli, K.TL (1970)./. Pk V CW. 74, %\. 

Simon. LE. C.L955). in ■Deicrmimiion of Orjtii< SametuntbyPtracaJMethods’, v± 1,cds. Drtude. 

E.A. uid Nactiod. F.C., Academic Prm. New Ycrlt. 

Weliiberjer, A. and SangcuaM, R, (1930). Z. PbytM Otrm., 111* 

Wem, D.H, and Allin^a, N.L. (1974], Tetmhtdtvn, 30. 1179. 

Wcithcimcr. F.H. in ’Stef* Effects in Oiuiie Chemistry'. ed. Newman, M.5. Wiley, New 

York. 

Wilton, E.B, {1972], CArer. Soc. Rev., 1. 29J. 

Woir, K.L. llMO), Tram, Faraday Soc>, 16, 111. 

Wolfe, 5* {1972). Act. CAotl Res., 5, 102. 


In IpsI PDF Comhinp nnlj 


Scanned by CamScanner 




Chnpler 10 


) 


Conformations of Cyclic Systems; Monocyclic Compounds 


10.1 Introduction 


Conformational theory was initiated by Danon mainly on the basis of his studies of 
cyclohexane derivatives (steroid system) and since then the conformational analysis 
of the cyclic compounds has developed into a most sophisticated area of stereo¬ 
chemistry which in turn has helped to understand many physicochemical phenomena 
including biogenesis or natural products* The cyclohexane ring is unique in 
character since it exists, in most cases, in two well defined chair conformations 
separated by relatively hij?h (ca40 kJ mof') energy barrier. The intcrcon vers ion. 
however, is still too rapid to permit isolation of the conformers at ambient 
temperature although they can be frozen out at low temperature* In contrast, rings 
higher than six-numbered exist in a large number of conformers some of which 
are equ .energetic and separated by very low energy barrier and only a few may be 
frozen out at low temperature. 

10.11 Early history 

Although the non-planar configuration of cyclic compounds such as cyclohexane is 
predictable from the tetrahedral theory of Le flcl and vanT Hoff, its acceptance 
was lone delayed due to the popularity of Baeycr's strain theory (1385) according 
to which all ring compounds are supposed to be planar and suffer (to a greater or 
lesser extent) from angle strain arising out of deviation from the natural valency 
angles. The strain theory was apparently supported by the facts that the 3- and 
d-membered rings in which angle strain is maximum are most unstable (also most 
reactive). 5- and 6-mem be red rings in which angle strain is small or negligible arc 
readily formed, and rings of higher members (>7) in which angle strain is again 
appreciably high (Table 10.1) are difficult lo form. It is now understood that the case 
of ring formation is of kinetic origin and not necessarily pertinent to thermo¬ 
dynamic smbilily, A 3-membcicd ring is easy to make because the geometry of the 
acyclic precursor (planar with two terminal atoms very close in melt nthrrf is 
rnvuiimhlc Tor cydisatiim (entropy cfTeun. It is also n.sy to break lnciu.se of ilie 
inherent llacyer and I’itzcr strains in the system. The formation of a 4-mcmbcrcd 
ring is difficult because of its unfavourable transition stale with all the hydrogens as 
well as the terminal carbons on both sides of the incipient ring eclipsed. The 
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pr^rfnm'rt f ™ riiips urc plsn.ir or nearly so and die 

* t omittance of angle strain fit understandable, Other rings avoid most of the 

«XTLT b « m n ( lh : l °™ on31 SI ™ »**£ Ir-SVf; 

1fl ' n * , ’ f ” e Tlie r «njK possess some residual Minin mainly due (o 

instances is ZtdTby ,he * hEch in ™ 

,T . . e *“ cd by considerable enlargement of the bond angles from the 

. ™ a f u f" * 1i: ‘ 11 combustion or cyclohexane-is minimum and couil to 

*£*£??* " h ' ch “ 1,01 wra P a, rblc wilh a Planar siruclurr In view J,f 
all 1h«c nmdMMn. bqtfk concep, of planar ring, had » be abandoned 


Table 10.1 Heats ofeomhustlon of i mtlhjlenc group Jn <CHover that of an acyfie 

me(hjlent group 


tCtf;V 

ti ■» 

Bflflt 
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iHJOQ'ir-nt thr Mm * cww, *»™i Ihe H nii „ ipicmi twc bunJi . 

n (IFVhi - SOJVfl - i he mlrii'.il »nrle or an n-dJnj firf Yfftn, 


° m thc of two fo ™ 5 of cycJohcaane. 

h and boat hoik of which arc completely free of angle strain but the auepestion 

rrcdiXl nn^he^accerud since numerous attempts in isolate additional isomera 
predicted on the basis of (tac structures failed. Mohr (191B) attributed the failure 
lo rapid truerennvcrsion of the two forms and siiprestetl the ixjssfbility of ™ration 
of two Me™,,™ of detail n with double elJnml a cfs withTuWr 
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V 


boat configuration. In 1925, HUckcl indeed iso] a ltd the two isomers of decal in, 
although as well be seen later, both isomcre contain only chair forms. Boeseken 
f 1921) realised the necessity for (lie chair conformation of cyclohexane ring from 
the results of his investigations with rii-cyclohexane-1,2-tliol. The chair con¬ 
formation of cyclohexane was finally confirmed liy Unite! (1947) with his electron 
di (Tract ion experiments and by I la rum (195(1) with his con forma Mona I mmlp's 
setting a land-mark in organic stereochemistry. 

10.2 Conformations of cyclohexane 

X-ray and electron diffraction experiments dearly prove (hat cyclohexane exists 
almost, exclusively in the chair co/iforairfion, An fnmriuiion of (he model 
(Dreiding, Ficscr, or Prcnticc-lhll) of the cyclohexane chair shows that it is devoid 
of any kind of strain. In an ideal chair, the bond angles are 109* *28', i.e., E* — 0; 
there is^no bond tength distonicn, i.c., E,= 0; all the bonds arc staggered 

lJCr ' := O' ® n d there is no non-eonded inter action. In tact, the chair 
torm lies at the bottom or a deep energy well and any deviation therefrom is 

strongly resisted by internal forces. The structure is rigid and the rigidity can be felt 
even in the model which unlike that of n-butane resists easy rotation around single 

rWlnl 13 


10.2.1 Characteristics of (lie chair conformation 

2^?^ of thc cyclohexane chair are best described under the following 

I. Geometry^ The ejection diffraction experiments of cyclohexane in the 
gaseous phase (Geise ct al 1971) show the following geometric parameters: 

C—C Kind length - 0.152H nm (152.K pm) 

C—H bond length -- 0,1119 nm {III.9 pm} 

C— tl -C. bond imple -= »I rtW' (invleml nl 10T2H'> 

Oilu-ilr.il angle fns shown in In) SO'* (insirad of ftO") 

I he increased C—C—C bond angle makes thc chair conformation slightly 
iiaucned so that the dihedral angles between adjacent C—G bonds ore 56° and 
Ihc vertical C H bonds (axial) are not exactly parallel to the Cj axis bul lean 
outwards from it by 7*. The chair form is drawn in three different perspectives 
(Figure I0J), 'Hie structure f[) shows the convemional drawing of the chair with 
the Cy axis vertical and the six carbon aloms distributed in |wo parallel horizontal 
pbnes, 1*3-5 m one and 2-4-6 in thc other separated by a distance of 0.05 nm, 
Any consecutive four carbon atoms form a gauche butane unit and since (here are 
six Mich units (l-2*3-4, 2* 3 *4-5. 3-4-5-fl etc,), Ihc cnlhnlpliy of cyclohexane chair 
may be computed as 3.3X6 or I9.S kJ mol 1 wilh respect to a hypothetical 
all-anti chair eonformaiion* 

In ihc structure (la), two pairs of /i-butane units (2-3-4-5 and 2- 1-6*5) are seen 
in Newman projection with dihedral angle of 56° in each. The structure (lb) shows 


4 h* !an « txiwnn angle and lonicinjl strains thus miniimfing ihc *r u* 

* 1970 r ” !,0nS ’ ,ftfi cjrcul, “ 0[1 ma T he spurious js well « hypnihrckjl {** Schltyrr d #1 
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Flpire IdLl (immciijr of t)dobcuiH thar 

:>.c six iurlinn n|om< altrmritdy up (•) mis I down fn) with s.\ r m nf torsion tin r | w # 
Snween pin'rs of adjacent cuhuii atoms according to Klync-J're-log convention. 

Z Symmetry, Hie tcfiic.il axis putting through the centre nf the chair is a C 3 as 
* tlJ 115 ajl ^ a3lis - addition, there arc three Cj axes bisecting pain of opposite 
also a Centre of syifimttn, 1 hen there are three vertical a planes passing 
Though diagonal carbon atoms. The cyclohexane chair thus belongs to point group 

The symmetry number fo) is 6 counted thrice for 120* rotation around Cj and 
—ce each Tor 18CP rotation around the three Cs axis tee Chapter 2). 

3 ; BQM'orial wid Mill bonds. Two types of C-H bonds are discernible m the 
9 J ore Sine choir: six arc distributed Hound (he periphery of the ring miking 
t—cmately + J9°28 and “ 19*28' angle with the horizontal plane of (he 
= ;!ecu]c and the remaining six arc approximately parallel with the vertical C\ axis 
121 m alternatively up and down as shown separately in the two Structures flla) 
sid fnb). The former arc called equatorial fe) and the latter axial fa) bonds 
Barton el al 1953), The approximate distances betw een different pairs of adjacent 
->toj£ns are shown which are within 249-25] pm, greater than twice the von der 
*aals radius of hydrogen f 120 pm). Thus there is no non-bonded interaction in the 
rydohexane chair and since these distances occur twenty four times in the 
zrlecule, the stability of the choir conformation is readily understood. 

The interaction between Je,2c and lc p 2a substituents is known as U-interanion 
while that between la.3a is known as 1 ^-interaction or synaxhU interaction. One 
rmlicanl difference between the two types of interactions is that while the ]c»2c 

Ta d&igiuic a Iuivoa mjl(, three bonds in guctmon involving four connected icoetsj lave ro be 
rsidfird fBuffan I97^X ej., t. ( when i. h. And c ire botitli. Ordinarily, the fwiiion of the 
wetnj bond, Lt, b ij in£ciin] Modeh uitr be belpfol io undemand the efiaf run (Ibl 
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and lc,2n bonds arc skewed, (he la,3a bonds are parallel. As a rcsuli, when H is 
substituted by a bulkier group with longer bond length, the ],2-interaction does 
not increase in the same proportion as the ] ,3-interaction which is. thus more 
severe. 

4. Os nnd trims Isomerism. When two suhstituenls arc ln.2a t .(hcy arc 
typically trans since the dihedral angle between them is 180°. By default, 
substituents lc.2e arc also trans but the dihedral angle between them is approximately 
60 a . The cis orientation at the adjacent carbon atoms can be only Ie,2a or la,2c 
with dihedral angle of 60° (more precisely 56°). It will be seen later that the trans 
isomer exists mostly in ihc dicquaLorial conformation fle.Se). Thus in the 
cyclohexane chair, there is very little difference between 1.2-cis and 1,2-lrans 
isomers as far as stcric proximity is concerned. Considerable differences are, 
however, realised in practice particularly in the ring-forming ability of the two cis 
and trans groups which is explained on the basis that an attempt to bring Jc.2a 
substituents (cis) in a plane Battens (he ring reducing 1.3-interaction while such an 
attempt on lc,2c substituents pushes itie axial groups inwards increasing 1,3- 
interadion considerably. Cis and trans isomerism in other disubsiilutcd cycfohcxancs 
will be discussed later. 

10.2.2 Ring inversion 

The six axial and six equatorial protons form two sets or the mica lly non- 
equivalent (diastcrentopic) nuclei with different chemical shirts in NMR, the axial 
protons appearing at ;i slightly higher fielil <v:i 0.4 0.5 ppm). However, the NMtt 

spectrum of cyclohexane at ambient temperature shows a sharp singlet which 
means ihat the two sets of protons exchange sites at a rate faster than lhe NMU 
lime scale* The conformational change involved is known as ring inversion, ring 
reversal, or flipping of the ring and is accompanied with the interchange of 1-3-5 
and 2-4-6 carbon planes leading to an inverted chair*. No change in the relative 
configuration ever occurs during the ring inversion, i.e., substituents which are a 
remain o and substituents which are 0 remain 0\ also cis remains cis and trans 
remains trans: similarly. R centres remain R and likewise for 5. 

I, Con formal In mi I itinerary [u chair inversion. The tnosi obvious way n chnir 
can undergo inversion is through a planar cyclohexane ring. However, this involves 
a great deal of energy (> 125 kj mol' 1 ) and is. therefore, very unlikely. According 
lo Hendrickson (1961. 1967), the most plausible transition state is one (IN) in 
which four carbon atoms lie in n plane with the other two aliernately above and 
below ilie plane fPath A. Figure 10.2). The chair conformcr may be suitably 


*hnr simple cyclohexane itself, the ring inversion is a ease of degenerate isomerisation since there is no 
net chanpe In the chemical structure ^a null reaction. Such homomeric transformation.*- in which 
identical ligands are interchanged between distinguishable eh e mica t and/or magnetic environ men Is 
have been given the general name of topomcrisatipn (DJrxch ct al t971).The nomenclature may 
further he extended based on the topic relationship of the exchanging groups. Thus the exchange of 
ho m atopic. enantiotopic. and diastereotopic groups may be referred io as homo-. enantio-. and 
d iaslcreoi opomcrisa I ions respectively. In cyclohexane, the hydrogen atoms which interchange site 
are diastereotopic and the ring inversion process is a case of diasiertOtopomcrisalion. 
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246 Stereochemistry 

twisied in the directions shown by (he arrows to pel ihe transition stale (HI). There 
occurs extensive bond angle deformation accompanied by increased torsional 
strain and the energy of Ihe transition state is computed as 46,0 kJ mol 1 which 
agrees fairly well with that (42-43 kJ mol") found experimentally (see bier). The 
transition state conformation (111) has a C; axis hut no a plane and belongs to 
pnim pronp Cj (chiral). Furl her change along i lie dircciion or (he arrows leads m 
l he 'twist-boat' conformation (IV) which don mil have any angle si rain but Milfrrs 
from some residual torsional strain. Lying in a high energy valley, it corresponds hi 
an energy minimum (23 kJ mol 1 with res peel (n ilie chair) ami is achially a 
conformcr, Three such indistinguishable iwist-bonis arc possible; lliey arc inrci- 
converted inio one another by pseudoroiation. Ihe conformer (TV) can either go 
back to Ihe original chair through the transition stale (HI) or be converted into Ihe 
invcried chair (a lopomcr of the original) equally well through ihe enantiomeric 
transition state (IN'). This is shown in the energy diagram (A) in Figure 10.3 and 
is called the Cj pathway, since the C? axis of ihe ground state chair form is 
retained along ihis pathway. 

An alternative palhway (B in figure 10.2) is also possible in which the chair is 
(wish'd Itv an envdnpc-lifce Imnsiiion slate (VI wiih five or Ihe carbon moms in n 
plane and (lie sixth one either above or below' i|. According to calcubiion, iLs 
energy is only slightly higher (cj 47.3 kJ mol ’) than the transition slate (111) fca 
46.0 kJ mol" 1 ) and so ihis pathway cannoi be entirely ruled out. Con forma lion 
(V) has a o plane and so is achiral and leads directly to an energy minimum 
conformation IVI) which is the classical born. The latter has a slightly higher 
energy (by ca 3.7 kJ mo!* 1 ) more than the twist-boat and exists in three 
interconvertible homomcric forms. The boat intermediate in ils turn can go back to 
the original chair or its lopomcr—through hvo equivalent transition states (V) and 
(Va) respectively—wilh equal facility. Pathway B may be called a a pathway, 
since both V and VI reinin the symmetry plane of Ihe chair ground state. The 
energy diagram is shown in Figure 10,3 by the dotied lines. 
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\n principle, the two pathways (A and D) an? mutually exclave, i.e., the r ins 
inversion takes place either through a (wist-hciiii or tbroi-eh n true boat. However* 
once a twtf(«bna| ora true boat is farmed, they undergo In ic (conversion through 
pHiiLfomurion before they are converted hack into the chair forms. The entire 
range of con forma raws between a true boat and a twist-boat arc called flexible 
/orn« and dcperKfiog on the nature of substituents, one or the other may be 
stabilised. Die boat form is of slightly higher energy and may be regarded as the 
transition 5 Nile of the pseudo rota lion process, The twist-bon I is af lowest energy 
and rhe lerm flexible form generally refers m it (in contrast, (he choir forms are 
nput conrormers of cycloliexaiic nut intcrennvcrtihlc by n*-udo rotation). The 
iransihon state in path A. i.e., JJi is a hnlf-eliair while Ihnt in path Jt. re.. V is a 
tair-rvuil wlncii alm».suggests <lhai paih A a aiattrlic.tiiy pnflW. 

2. the flriifjfi' ccmturnirrs. t'hr huru fItJ at*} far tii Afdvtrf /'/WJ+w/fir fmt 
*' T itrm Sf Jfc\wMr faf/tv ft/i fx A tiiCKa I re. f hi- In >:■ | a n i for j i i.i | iui i is sh u w It i fl 
three different perspectives in Figure IQ.4. The conventional boat tVI s ) with a C- 
axis and two a planes (point group CVtt shows the following types of bnndj; 
normal equators) and axial at C-1 and C-4. designated linear ffio) and perpends 
cular (perp) respectively fonc or the perp bonds is also designated flagpole, 
abbreviated as fp and ihe other bowsprit abbreviated as bs), four boat-equatorial 

fptrp) tp-c-rp] 




to i 


toa 




Figure I(M Cromeuy of (ti-ubfc f«rcnj 


“P e . lmrt was onp« ny fry Pitur 10 Jmribf li>e row.™. rfrhc (mujMine 

—-pliWrtierLi in a, pucJrcnetJ ejclopniuc rm*. It fcr now used ro describe a vinery of cr^r^xirurionil 
wtaffl rn cyclic ttftcau which an Inn-row piocv*a and (In ncl involve h^fii) ntnriaiinm 
r Sr" 1 *” m Imtanl alram aM older nniMiondfd iflkracifom. a* in tnmfcmtiinn rlir 
fiimi rf cyrtohcaa^ fbol ^ ihe dut'-drir jmc r* mv™,,,,) and inicn*™™™ of 

“f. ,re *™' ( “ ,*WlKr CjKlfiiftio**. TSr KrtaiiVm i. FimNflJ m jm owiUiuhw «T jftn.. 

■■iSfiEFi Ml in JlHlPl 1 ! wmitiui (Wf pi Iri Liif>|f p i^np)iJrlr (uip ffHlf'jL 

rUifcaL n0r,xl <hir Sr,iunfiry ,IJ ’ *«" rtialivc m Ihe chair tah lit ihe hrui a mi in rhe 
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hmt It?,'? C ^ °? ^" 2t anil w,l ‘ cb nrc in pairs, anil four 

boat-axial (bax. or *- 0 , orMon the same Tour carbon atoms also eclipsed in pair* 

Tie bait enlists of four gauche butane and two eclipsed butane units and the 

f TIT!*" S ' ,y ^ Tl 2 ttf 0 4 '« kJ ■”»' ‘ (mi.iin.UM.) nr 

1 6 ° , 2 kJ mo! Thediffert-ner in enthalpiesbetween the 

Chair and boat forms is thus 29.4 kJ mol' (minimum) or 45.4 kJ mol ‘ 

’ th ^ entha '^ oF lhe ch ^ W"S 19.8 kJ mol.’ 1 . In addition, Ihc two 

bonded iriteMci 5 *1 C ~* ^ n~* * ° n1y 183 ' pm nway e * vins ^ to a non ' 

1 fraction, known as flagpole-bowsprit interaction. Structure Via shows 

t _„- rtn .ni| l|WCd bm . 3ne Un S m Ncwmao Projection and structure VIb shows tho 
torsion angles according to Klyne-Prrlog convention. 

IT the fp and bs JTa arc pulled a little apart, the twist-boat results in which the 

p-bs interaction is minimised and the conformation becomes more sinble. Tt 

* °"f I" P °/ l S!rf 0UR ?■* ® XCl) am! is chlral - Uc rf'ftrcnt bonds arc shown in 
Ihc si rue u re (VI t) in which lax. icq, and iso stand Tor twist-axial, twist-equatorial, 

/wfr ma thC tW ° ecmin;i1 boncl!! afC equivalent) respectively. The structure 
u * sbo ' vS ° nc bl, lanc unit in Newman projection and the si met lire (VI lb) 
i^ows ihc (onion angles according to Klync-Prdoq convention. Although Ihc 
boats and twist- boats (flexible forms) arc of high energy, they have favourable 
entropy due to more degrees of freedom than the chair and the population of the 
flexible form is approximately I in 1000 at ambient temperature quite insufficient 
lor detection by physical methods. 

3. Determination of barrier energy. The axial and equatorial protons or cyclo- 

V™ J 1 ™* and c »uiplex (due to spin-spin coupling) bands in NMR at 
- 1TO°C and below separated approximately by 0.45 ppm which coalesce to a 
broad singlet i -6WC (at 60 MH/.). The free energy of activation (AGt)as 
determined by the coalescence temperature (Chapter 9) is Found to be 42.2 + 0,4 
mo] (Jensen ct al J962). In order to avoid complexity due to spin-spin 
coupling, cyclohcxanc-dn (GEIDn) has been used for variable temperature NMR 
with deui e num-dcooupli ng so that two sharp signals one due to the axial and the 

™ obbIin ‘ :d <Reure l05a > al kHv 

l Anci ct ai 19&7). The coalescence lempcmiure is found to be-41 MX (at 60 MHz) 
corresponding to the free energy of activation of 43.2 kJ mol' 1 . A complete line 
shape analysis (which requires measurements of line-widths at different temper¬ 
atures) gjws the values c>r A])t and M 45 ] kJ f(f ., ' , 

respectively. The large entropy of activation arises from the fact thanhc imnsiiinn 
State (as III) can adopt u many as six (three f lJr .simple Lydobtiane) con formal ions 
giving considerable amount of entropy of mixing. Substituents in the ring do not 
suMiintiaNy raise Ihc barrier energy and the usual ran Pt c of kim'er height is 42— 
50 kJ mol . f ' 

An cl ct a) (1975) heated cyclohexane to 8(KTC when the population of iwist- 
bral form rose to 25% and then suddenly cooled the sample to -253°C on a cesium 
iodide phtc so lhai all the conformed were frozen*. From the study of kinetics of 
twist-boa t-chair interconversion by IR, the free energy of activation is found to be 


*Thc procedure is known as miirii sepmiiap (jee hum ilk nc|. 
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HfiHT 10 - 5 i Ring inireiMOJs of cyclolitianc-d, r 




fix) 


Flfure 10 . 5 b Enerjj of chair and boat forms 


SS^ ^ jgsaaass 

ax) (win, tSSS^JtS^iSSJf ^“l 

"™1 (lie dwiahilisinf cfTeci (ret 2 s VI m <,i «/’ f [t 1 I ^ Wllmn of cnch ,som « 

... TLVL.'.rnir.'m 1 ** a \' hc 

crerpicsuf ihc lwi*(-h*ii mid ih* rn .» flll , , . * r7lc ‘•iHcnputT lit free 

be nmnd 3.7 U „,„l ■. All lh", a" “i ' lcnJri ' ck ™" *> 

(Figure 10.3X ' * hl>wl1 m ihc energy profile diagiam 

10.2.3 SUbWsatron of the Jlciibld conformed 

sr- i n r’pr.r'«■ 

in Ira molecular K-bond fas i n XIi or c '_Tac(o;i such ns formation of 
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H—0 



rxn 




(XU) 



(XV) 


ITfllfC Ifl.fi rj'inf nntlrCuJi’ 1 . frmn rirlulirinnr iiirirnrinm 

(0.3 Conformations of moimubslif uteri cyclofieiurira 

Monosubstiiutcd eydohcrancs exist in I wo iton-cquivafem diastcrenmeric chair 
conformations. one with the stibsiiiucnt in the equatorial position (conformer E) 
and the other with the substituent in the axial position fconfomier A), shown for 
methylcycfohcxane by the structures fXVIn) and fXVib) or fXVic) (Figure 10.7) 
respectively. The following points arc to be considered in connection with 
monosubst fluted cydohexanes. 

CH, 
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(JfVfoJ 


CH, 


A 

(XVI b) 


A 

fXVtcl 
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(XVIti 


Flpi re 10.7 fw rbrmcn of miliylfycloli e nc 
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10 3,1 I r:iimi|i^M M;il^ ulu \ JMfrrnii h ili;ih fc v 

JSE.iJt? 0l ri ? ” ,mWon iT1 rt'tetfiultfif cyelnftc.anci; rutmiiu practically 

ThC "7 pt,wblf r ™ sition s[il « and 'He flexible forms ftherc 
7 ..x dtffcrenr carbon atoms l0 which (fse 5utw[itucnl „ n * fltlacVd) howm 

^7 ° f 7 ,0 ? ° r SJIJl ™ ?tr 7 fn [hc molecule The energy profile 
« i-milar to that of cycloh^ne ring inversion rngute I0J] ««pt for 
he aC , that the bo chair conforms have different emhafoic* „d liSE 
and the rales of mtcrcnnuetsron are different from the r w 0 $idL * 

^03.2 Conformational free enures 

The man sigftfficBiu Get from the point of view of conformational analyw K iMt 
■k I wo diMcKonieric ckur fa,** nte rf rwtpn.l Tree erJr^ml \o a I 
i ircntl* populated. Uw equilibrium constant K hen* given by thc^equation : 

JC° = Hiring vhrrcA'^M. 

fAJ 

sisi: of frec “? ta -«" - 

SJ^-XXSZ tziESSSS 

iS«S=£BS 

»js£2raSS^fS^?TT 
5£SrSr^^ T * s ^^^ 

. Midi •W.vMlIy 

,c "~- t * 1 


'ar^r::s*, r ■*- - —> »**. 

default (equaiflriiJ AydnOfm rlTeftl TW wumnw.-■ n:.t 1'lucnr ■» rh* njcuipnat piiMr™ hy 

fwArmtrt/ijl mmaa^n on hr ^nrLifb fftc ,hl1 

wy3r\ tbc fiucfic ||.|| inrtraumn nnH-ll |> n '^ J* allll " m F "ml diTinmarnta ,if Kmd 

dcixtinp ,oc JS rjSlT^S 7 “? . ."* *"■« the 

tf'i'CiLUtil bfr f tut abo Chi pier $|l ' ^ frrt l|rt J ,u,c ® Vfr lf *rn iw rtol 
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common suteiiW .re limed in Table 10.2 flliiwh 19671. The values ate 
variable; ihc data in (lie ta He show aveisipcs. 

Table IO.Z Conformational f,„ enerptes (- AC') in U moT' for some common 

substituents 


Sub* Ei| Lieni. 


Suhslicuc r>s. 

- JG“ 

SuHinjcnl* 

3 

i 

S LI h%l 11 Lhd-rtl, 

- JO° 

F 

Cl 

Dr 

1 

CN 

oej 

i.so 

1.59 

1.80 

0,71 

OH 

otr 

OCtf, 

OC-JI, 

OCOCH. 

2,nt; 

3.65 L 
2JI 

2.96 

251 

Nil- 

Nil- 

CO:H 

ra.Atf 

5.03* 

o.7tr 

4.M1 

56J 

532 

CM, 

CIL 

CJUCIM- 

CtClMi 

C.H< 

7.50 

it. in 

900 

20 CO 
12W 

*in apimic mhfni 

"in p#ofic juitvfni. 






rhe foil owing points are of ml crest in the context of the data in Table 10,2’ 

!■ In , lhr h^open series. P ]i:i% (lie Iim« rfTivlivr built as rinriiil Hie 

cmr<>r„iai.<m;,l free rmriti of Cl. Hr, .-.ml 1 .... „, m | wl.it h K .Im- .. r 

.,! that as the si/c of Uic halogens increases, rhe bond length aim iiHifcm and 
W ' th 11 lh *■ lJ, * ,flnrc Trnm the xynaxinf fmJn.grns. Secondly. whh hirgcr atomic 
volumes, the atom* bee time more pnlnrmihlcamJ easier to deform and (lie van der 
aa s attractive forces (dispersion forces) also become more prominent near the 
contact distance. To generalise, the elements of the first two rows in the Periodic 
Table with relatively short bonds to cnrbnn and low polarisibility of their 
electrons show larger - -lG a values than the heavier elements with longer bonds 
to carbon and higher polarisabilily ofcfociroiu. 

, ^ tiuntber and nature of substituents ai the first atom connected lo (he 

ring which arc more important, Substituents at the resit atom fas in C?CFb, 0C>Hi. 
Ofs, OCOCU,)do not affect the effective bulk very much (see also Chapter 9), 

3. For the same reason, the - AG fl values of CHi and CjH, (and lo some 

exient do not differ to the extent expected or the bads of their space* 

occupying volumes. On ihc other hard, the value increases sharply for f-huivl 
which has the highest effective bulk in Ihc series. In ihc ease of ethyl and isopropyl, 
the syndtaxul interaction may be minimised by turning the a-hydrogen inwards 
which if not possible for the r-huiyl group. The high conformational energy of 
(■butyl ensures that ihc group has. an almost total preference for equatorial 
deposition so that the ring system hcaimes anancomeric (Chapter 12). 

4. Groups like OJf. ,NH ;t NEfMc etc. which form M-hnnds haw different 
- values in prolic and aprotic solvents. 

5. Although not intrinsic in the definition, the — _\G° values arc approximately 
additive so that they may he used for di* or polysubs tinned eye lo hexanes. 

I(1.3-3 Isolation and chanclfrisalfon of conformers 


Although at ambient temperature Ihc interne nversfon of cyclohexane conformers is 
very fast, at — I00°C or below it is slow enough sn that the tw r o conformers of a 
substituted cyclohexane can be studied independently by NMfi. Thus at - 115°C, 
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the mcihinc proton of chlorocydohcxane resolves into two sets of signals* (he one 
at 54.50 ppm (broad singlet) being due 10 the equatorial and the other (multiplcts) 
at <53.£0 ppm being due to the axial proton (Figure 10.8), The equatorial proton is 
coupled with adjacent methylene protons which are aJt gauche (with low coupling 
constants) (see Chapter 9) and so gives a broad signal while the axial proton is 
coupled with both equatorial and axial protons (with high coupling constants) and 
gives well resolved multiple!* (Jensen iCtal 1966, J969). Their rehlivc intensity 
provides the conformational free energy at —115"C. Al — JSO^C, the equatorial 
ronformcr crystal/ises out and the mother liquor can be decanted off thus effecting 
a separation of the two conformed* The solid when redissolved in a better solvent 
at very low temperature gives the NMR spectrum of the equatorial conformer 
M3.80 ppm) while the mother liquor gives largely the NMR spectrum of (he axial 
conformer (54.50 ppm) recorded for the C/fCl proton “ 


Cf 



Figure 10.8 Low temperature NMR ipeeirum of oonfnnnm of clilorocydoheune 

Even though separation of two conformed is not always possible, their relative 
ccrubiion, rale of interconversion, and the thermodynamic parameters of Ihe 
rrchsnge process may be studied by NMR. It has been computed (Jensen et al 
!^9) that equatorial chlorocyclohexane has a half-life of 22 years at - 160°, 23 
nc^es at “ 120°, 0.25 second at - 6tf,and 10’ J second at 2S°C 


IR. even al ambient temperature, ihe two C-Q bonds can be distinguished. Thus liquid 
— •‘^ccjdohexane exhibits two C-Ct streiching frequencies 69^5 and 731 cm' 1 for the axial and 
a^riil bonds fepcciivdy, Ci}M.illinc cJilornc vekiheiane gives only rbe 1 cm'' h-ind characteristic 
rf *C equatorial bond. 
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10.14 Dt-ji rmifi.'irinfi ttf conJoj-mu Mortal fn-e curfqy 


Tim principle of conformational analysis by physical methods including different 
spectroscopic techniques has already been discussed in a previous chapter Because 
of confrvmaiion.il simplicity, its application in cyclohexane system is more 

xrrAfgttrfrrwanf. A pitrtttiiLir property be if physicml or chemical, is determine by 

some suitable means for each of the two conformed and the same property is 
measured for Ihe confer mat tonally mobile system at a given temperature. Three 
values, P» (for axial), P f (for equatorial), and P (for ihe mohile) arc thus obtained 
and the equilibrium cotislimi K may be determined by the relation : 


r _ [g 

i’-i\ ja] 


( 2 ) 


This is direct method (ii docs not require nny reference compound) and P 
may lie chemical shifts (0) in NMR or stretching frequencies (em 'l in 1R. The 
case of chlorocydohexanc discussed above is a typical example in which S a and 
& arc determined directly. The conformational free energies of most of ihe 
substituents have been determined by NMR using the low-temperature method. 

In certain cases P, and P f may he determined bom, appropriate model 
compounds fsee Chapter 12). Thus cjj- and rrani-4-f-bulylcydohexyl bromides 
(XVlila) and (XVI Tib) which arc conformationalty biased (Figure 10.9) show 
chemical shifts of 198 ami 160.5 11/ (at 60 MHr) respectively for ft~H while 
hromocytlohcxttnc shows a chemical shift of 191.5 Hr (Elid 1959). Putting 
the values in the equation (2) and assuming ihai the presence of the i-butyl 
protip does. f?of affect the chemical shifty A* ts found tn be 4.ft corresponding 
to *3 ft of equatorial population (-A(i°,i, = 3,K fcj mol V 



(XVtNn) 


< x vm r bi 



in,fl I Mrnation k fttsm rniiRiuiiiiriiml]^ NjimiI mnVviiltfc 

A similar kinetic method substituting I* by rate constants in ciiLiation (2) will K- 
discussed, in Chapter 12. 

A chemical method is often used in which mo diastertomcre are equilibrated 
and the equilibrium concentration of each is determined. If during equilibration, 
one of (he groups remains unaltered in position, then the contormational Tree 
energy of the second group can be calculated from the equilibrium constant Thus 
the rtf-and /wnjr-4-/-butylcyclohcxanols (XlXn) and (XlXb) (Figure KUO) are 


* .Ul" allies, dqwixl very Ltiiu.li on the mcihn,! um;iJ and m the case nf pdjr ctunnuunus, i| U i 
vfliVnt frte Hivl el .il I9fi5). 
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10.4 Conformations oftfi- Und pnlysubs.hnted cyclohe,,** 

lie principle of cnnformniioml ,1 n.ilvn^ a\ inr ,r t 
hexanes May he cxl ended in jj. iMnJ ™iPwnhxtV ^ ^ *° Tll 0 nmihs,itu 1 «l cyclo- 
ponus. however, have 10 he cnwfilcml iw! ^ Cycl 1 c,htsJncs - T«" aMiionaJ 
™ IWC ?“««*«■** ft™* * n d ( -J (l ff n|,ral| y extsl ,n two nr 

f«imci.mn even , w „ r , . . . „ 1 ™l ,! 'l* in i Wo 

ftwrormcis of a ili !bi | e „ 0mi . r , n lffim lf * l,|b '7 ,Wtf ,u each p. lir „r 

5” erf * and co awcjiafn the preferred conform!,'^ t " lhillp J r - i Cl "''>py, and free 
between the diaslereomcrc throuph the preferred ennf Com P» r:! t"' is then made 
&condl, the substituents may iniM C ,T r l / „' .u f . m " ° r “ !,form »s of each, 
and theseJnleranionj must be included in the anaivali' ' TS HCnCa,ly or otberwisc 
IW1 i'l'^isubslituted cyclohexanes 

fimplc Vcy do^Sb ^"’ranBt.wSr 1 is ^l.ulvclv 

interconvertible conformets (XXa) and S r ™T n ? bul “« ■" two 
■"» >»'*' usually or ,he same nl o^ mi f f 101 ’> s 'P™' d b >' a" 
inversion. When X and Y are the same «"n a? ^ cycl >»“»M rinf 

-SJSetS Tz L 7 

^1",^ ■“■** «-“e ZT^r- 

sfc 

"i> to J free d CrBy difiercncc 
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of 2.0 kJ indl 1 whcivis the nciml diUVreiiet: IicIwlvii AG' 1 v:ihnM til Ml' iiml 
OH is .remind 3-5 ItJ mol"\ In sdhu: c:ib;s. ihe opposiie confnrmer may 
predominate. Thus in I-mclhyl-1-phenylcyclohexane, the conform?r (XX 11a) with 
Axial phenyl and equatorial methyl is preferred over the other fXXTTb) wilh 
equaiorial phenyl and axial methyl by l_33 kJ mol" 1 inspire of the appreciable 
difference of —AG 6 values of Fh and Me which are 12.6 and 7,5 kJ mol" 1 
respectively and would lead to an opposite conclusion. The explanation is as 
follows. The phenyl ring in XXlTa is so oriented (see structure- XXIII) that it 
internets minimally with Ihe axial 3-H and 5-H. There may be some i sue me lions 
between rhe ortho ItVand ihe adjacent equatorial Il's. In the conforms tXXIIb). 
on (lie other hand, the phenyl group in its usual bisecting orientation would 
interact strongly with the methyl H's (see structure XXIV), Therefore, it must 
rotate to confront the ring (see structure XXV) but now there appear strong 
interactions between the onho It's and the adjacent e-El's (Eliel 1985). The lack of 
additivity of AG° values in geminally substituted cyclohexane* is also demonstrated 
by other examples (see Elid ct al 1965). 




OOdU) 


tXXiVI 


l xxvj 




ftpn 10,11 Conforma i i<HK of gemiiiaJly uitoliluted ejclahcxinu 


10.4.2 Dteubsiitured cycEohcxuncs 

Non-geminrilly dkubstiluted cyclohexane; exist in three sets of positional (con¬ 
stitutional) isomers, eg,, 1.2-, 1,3-, and U-isomcis. Each set coiisiilutcs a cis-trans 
pair of din stereo me rs each of which in turn exists in two interconvertible chair 
com forme ri. In addition, depending on symmetry property, a particular isomer may 
exhibit enantiomer is in. These points arc illustrated with the dimethylcydohexancs. 
In Figure 10.12, all the isomers are drawn first in planar structures and then in 
chair conformal Eons, In the case of resolvable (±Vrair. only one cnanliorncr is 
shown, 

1, 1.2-Dimelhyfcyclohcxancs. ,2-Dime thylcydohcxaiic exists in two energe¬ 

tically equivalent axial-equaioria] fa,c) and equatorial^xiaI fe.al conformations. 
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They arc non-supcrposabltf mirror images of each other ami constitute a pair of 
readily interconvertible enantiomers. Thus while the planar structure show? the eis 
isomer as a meso compound, the chair conformation shows it as a non-resolvable 
racemic mixture. This, however, contributes a positive entropy of mixing fse; 
below). The second major deviation from the planar structure is in the dihedral 
angle between the two vicinal methyls which is O'* time cb) in the pTan.ir structure 
but 60 9 (fauchc) in the chair eon formation. Fit her nf the chnir conformcr: 
contains three gauche butane interactions (two for one axial methyl anil one lor cj- 
dimethyl} corresponding to a potential energy or J 1.2 kJ mof 1 (with respect to a 
hypothetical structure with no extra interaction),* The entropy of such compounds 
originates from three sources: (i) entropy due to symmetry numberf—RIn #t), fii> 
entropy due to mixing of conformers, and (in) entropy due to a f:frl-mixture 
fRln2) Pnr the ciS'1.2 isomer (G symmetry), n is I and so its enntrihufinn to 
entmpv rs nit; the second and the third far 1 00 happen m lv ihe mimu- ; ihc ( W ,i 
conformcr* being cnaniiimirrit- outtriblMi* :m entropy nf mixing. FtJii2, The 
llwrninttjiumiic tin [si. calcirlatiil sirul iiiKiimetUal an? Med in TaMr it)..!, 

irnm- 1.2-l>imeit]ylcyclohexane likewise exists in m o chair aiurnmiaiiuns - dnxial 
(a^t) and d [equatorial fwl - which arc non-equivalent and like the planar structure 
arc chint! fG symmetry). Unlike the L,2-cJs. the 1,2-trans isomer occurs in two 
distinct enantiomers forming a resolvable (i)-pnir. The dieqtmlorial conformcr 
contains one butane gauche interaction (due to e.c-dimerhyl) while ihe diaxial 
conformcr contains four (two for each axial methyl) which makes the former 
preferred over the latLcr by three fttudie interactions (1 L2 kJ mor J ) corresponding 
to a 99 ; J mixture at 25^ (.15 is ignored). For comparison purposes. therefore, 
the trans isomer is represented by the dicuuaiori.il conformcr with an arbitrary 
enthalpy of 3.75 kJ mol' 1 It is thus more stable than the cis isomer by 7,5 kJ 
tpol Owo gauclte intcradians) which is in agreement w p ith experimental data 
derived from heals oT combustion (Table 10.3). The chair conformation differs 
from the planar structure in one significant point : the dihedral angle between the 
two methyl groups In the planer Slfucttirc is ISO* (Irue trans), but that in the 
dictatorial conformcr is fid? (gauche), almost the same as in the cis isomer. This 
explains the fact that both the ew-and /™tfj:-cydohciane-l .2-dicarboxylic adds 
form iheir own anhydrides. The entropy oF the 1.2-trans isomer arises from all the 
three sources : its symmetry number is 2, it is a (±)-mixlurc, and it is a 99 ; I 
mixture of e.c and a .a conformen. 

Wr^en the two substituents in the cyclohexane ring arc different, both the cis and 
traits isomers are resolvable, the trans isomer exists in a diequnton.il conformation, 
and the cis isomer in equatorial-axial conformation with the bulkier group 
predominantly equatorial. 

2. 1,3- Dimethyl cyclohex a ties. Jn the ease of the U-ris isomer, the planar 
structure as well as the two chair conformed fa.a and e.e) are achiral (due in the 
presence of ,i o plane) which makes this isomer a meso compound. The 
diequatorial conformcr has no gauche interaction while the diaxial hn* two (one 
for each axial methyl) corresponding to an enthalpy of 7.5 U mof 1 and in 
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Of 15.5 tJ raoP^c^Mhit/ on?™ T'f “’J 1 " 1 ’" 1 ” Jn •*»>««•[ eneijy 
*<*&« than tfc 11 of the dtouitoiri J ^former is ihtp 210 kJ moT* 

10.000 M 25-c). Th C i™ s u™o„ sm* no, ”" i!it " 1 «<« 

e^-conrormjiiions with two piuclie inters rttn ‘ ” L ^ ,n ,wo superposable 

Of 7 5 U tool" and „ b Ste&t'” 1 " 
unfilic m lhe 1.2 -Mki in the I 4-) seri« a,,?* ? by hc Mmc am0unt - Thus 
™ ■ ■ ** which is not « ,ltSrnn ^n m0r ' ^ 11,30 the J.ltrans 
dKUncc between Ihe two methyls in the 1 nrefaS ,nrc " nfi f ll "" i ^. nefe the 
is greater than in ihe ej^aibimer Jihe C r d ri ' : ™ nfarmaii o« or the cis 

7 C f Orren ^t»'on Of Ihe suttfhlucm re mi ins L^l7 TT' NcWrtha ^ 

[i Cm ■*«** 'he same side or ihe rin, fh^I “ n ^,‘ aJS immc r ***** 
joiner having them 0 n o Pp(Kl t c „r r [^L / h*" 1 tJoWn) and (h * 

^ ■’**«» 'JicrmtHlynam^lahiit oV £ 2*/°“ Ur ,he 

ind J, nw , y | ..II^ ( r mm m N ' lt> 

A.wm-Shim Mile), h fe hl V ni ^, ^ wHM frrr ata 

iJ bp.nr. Itinj! in version ntilyt'inimts f f ij l1l( ,‘, ’i iTT*' . '"“Iwible 

3 a [opomcri,saiion process. Hcrmimn ■■-. ,LJI ' * * In,, *f )cnan(ioincRtnnO 

« nil for IteSfaS^S ‘iTir™ rf -* ihe cnnlnbnlin 

«*fonnen. For the inns ** "l "J! 1 T Chcrc ,fi no "“*■« of enantiomers or 

=*d* f R]n2> lh " ° nly to entropy is due to f± " 

/" 1 ,3 t iwn " D,c <>“'« r " 

.yte-JX* 

^ " ,c “ Td or '” ,!,e 

tormj position. J,h ' hc hulk,cr *«**» pr^m.nantfy in the 

^Jiylcydoheianc^ 1 dorThi^ 3nd Uails isom£ni of 1.4- 

c.a- and ^ «* ■« ™o 

T J-:cnforniaiion«i of which ihe hirer u Hr«,,hr . [ . wo f non<c ? UI ^Ient e.e. and 
» U* U mol '). The vcrliail rianc ™«r^ J ^ *™ Chc in[ ^c(ioi» 

_ i - tfce con formers tire achiral [even when^iheV ■ ^ ^ lS fl tf ^ anc antl 

* j=- tins isomer is preferred over the ds isomdr h 7° Subsntu ' nts * rc different). 

- ’-' fthc cis isomer has iwn m l ■ by two gsuchf initntclions or 7,5 

2 l? k° mcr the entropv to^nVwhikth'™! ^ ^ ln,nS has none > 

*= te 2 <f«t 10 ihe presence of a c, ,LTI ' T,' SOmcr h - 1s a ymmetry 
-r^raaes ils entropy by R)n2. weetm* 2-3 and 5-6 bonds which 

.* ; t cf l“ntonal t ro U p P X3 y Pnn '‘ la " d «<«->fo™cn. 

■ —*. v be pointed out that the use nf , e,u„ ™ ^ r 

tMlPbr^Co^ffiofify 3 Sfm ^ !er of delennininyrThc num^^^hc 0 nJmw 
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fdujicrcnmcnc mid riuiniinmeric) of stereoisomer* which nnr not immediately 
evident from the chair con formal kms, Adoption of planar projection formulae for 
ritl molecules undergoing rapid confrirmaiitmal change has heen justified by 
symmetry-based arguments {Leonard el al J975)*. 

J 0.4.3 A few atypical disubstftuled cy dob Clones 

The conformational free energies of substituents in cydoheiancs under ideal 
conditions are expected ro be additive; this is round to be imc for the dimethyl- 
eyeJohexanes as evidenced by the excellent agreement between the experimental 
and calculated values of the thermodynamic parameter? (Table 10.3). The additivity 
rule is observed for substituents other than methyl particularly in 1,4-dfsubsiituted 
an io a lesser extent in 1,3-disuhslitutcd cjclohexancs. However, discrepancy 
□nsesm the U-disubstituied cydohexanes bra use of increased interaction between 
he two substituent (proximity efTcrt). Tlius there is a dear discrepancy between 
the ex pen menu] and calculated entropy difference in the cis-lrans isomers or 1,2- 
aimethylcyclohexanes (Table 10.3). 

Other factors which interfere with the additivity rule arc the presence of polar 
groups leading ro dipole-dipole interaction and the formation of intramolecular 
H-bnnd. Even the presence of a bulky group such as r-butyJ, commonly used as a 
hotdmg group may cause appreciable change in the con forma rional situation bv 
-istomon of the ring as well as by through-space and Through-bond effects (see 

‘ L * s ' iri ^ E]>eN970). A few- examples are given below lo show the various effects 
ciner chan steric in tqiiform^iionnl analysis, 

1. Dfpole-ifipole Interaction. The trans isomers of I ^-dihalocydohexanra which 
i ve **“ th0 ™« w 3f investigated (by IR and NMR speetrricopy as w *jf as 
^easurcmciir of drpolc moments) provide examples of the effect of dipole-dipole 
c^rac T| ons on conformation. In (hew compounds, the diaxiaf cwiformer which is 
-IT T^r ,n |1(C dimalhyl series h siitwianiinJly populated sometime* 

JIVZ*" Thc P erCtnIa ec of diaxial enn formers increases 

the ttnes : Cl < flr< r. fn the ttinxi.it forms fXXVf.i}. fripiire I0.13a> the 
^o dipoles are oppositely placed W =■■ tHfry ilir dipole moment is nearly ^ 
inhere rs no dcctrosimie imeraction hctwccfi them. On the other hand, in the 
^quatonal confermcrs fXXJbh the two dipoles are oriented ar a dihedral angle 

—?? e . as S' 1 * m and there is considerable electrostatic 

0,1 which destabilises the dictatorial conformers. The opposing effects of 

and d W Klf l®£ rc P u ^rt a« evident in the equilibration of 
^ '' J n^ lblr0m «^*ohexanc.The equilibrium mixture consists of almost equal 
TZ t f hC ° djas * ret ™crs: the diaxiaj (XXVH) and diequatoria! (XXVJIJ) 
“=tf 0r fww ‘ J '^;bromoeydnhexane itself, the relative population nf a,*- and 

L fI,C Mlk ' " f ****&& .. ll:e nallire ofsttiwnts an 


° f [hC f ? doh ™" f , ' mo thc olher l«* '* a p™vutfcn PUJUP Whose 
- --.ioojI rmrrrtiM *r t jdrntrcai Mlfa O*. lti« paim f ro« P of Hie pliflVr itnirtuir. ? 
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™* 10.4 Relative popultlion of..* „ nr f i„ 
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. Con f° r ™^ °s Q ctfc syucm: Monocle expounds 3*3 

P'nuiw like M.my'm"y”S l h'c ih pn * nce ,,r '*» <* more bulky 

form,predominate.Thu,theeisi«, mc r 0 f i SThuT^Sk~ nUn " ib,c 
conformation IXXXII) Ihl , /.h,Myn^, u ^ r ,u ( ^ " nC 'l*' 50 in 

ll " l .'.“ "w If""'! isomer. „ f 1 ? r ' l " a "’ ,,;l1 P«»ili«ns. 

posHinn Which would nuke the eh™ n™r ,fl 1x5 P |acc(J in an axial 

10.13c). The stcrie interned™ "*!* «*.« 

fnrmairon {XXXrVl. The eis and ihi^n * y CduCcd ,n [hc n ^ ibIc con- 
Pd lAJlinger and Freiberg |C60) and lltaT'Ih'* a ^. e, “ ,llbrst ' d b f Ogling wilh 
folios JiH = 35.0 kJ mi'. “L :o ; jK-' ;, ,m0dyi,3II,ic P“««« »« u 
or is is consistent with the flexible form for the Iran.*?* 10 °*1’ ^ hl E 1 ' valu| ! 
a sr«= Wilh the calculated value (dtfler Jrl i n a ■ lnd lhaI of al “ 
approximately 220 kJ mor’. Man ,earth rhT'"^ "™‘ fofms ' *hrch is 
cyclohexane has been shown h, low 'JZJT V 

XXXVi n Cq “ ilib " U,B rai " U[r ° f a and a nunt^r offlcub" 

in ■*- *» •***■ ^ 

stcrie strain, the ring flattens on die sidc ofri! 1 '"v”' 1 ' 1 ' 1 * ,cs “ ll!t 1o,lvoid the 
axial positions on the other side of the linn hj 1 subs " ltnl5 and ln M doing, the 
one side of the ring i, reflected on h, mb T' Ihe strain on 

re/lex e//«, COoriU c, '"!*?'* “ k "° w " “ < ba 

conformational analysis and will he rtiJL ^ "Heifercs wilh the normal 
cyclohexanones (Stciion 10.5 \) C lfl connection wilh palysubsLiiuitrii 

104 4 Conf ™>^n of po1y Sull5 ,ii Ultd Cyc t oheian „ 

num^r’f Cyclohc * inM is r »fc«d more 
Tew typica! rumples are d ^ ^ subslil ^- A 

equilibrium between two or more diasrertomcuii diffe^i^r chcmical 
preferred conformation of each db^n-r^/v d f temperature. The 
interactions and the experimental iLrmr^ * * eva uated 011 ^sis of various 
calculated values. In ecnmT, the nfor™iWd^s£ a ran T c * COm ^ rcd with ihc 
tuliMiiticnifi hre more si.ihk.' 1 ^ higher number of equatorial 

existing inT™ra? S oXlte'reonte™ itl^ds ^mclhylcj-ulohexatic ; s capable of 
and the tranx by XXXVII H im,w 1( | |V Tlte shT"'^ by I, '™" la IXXXV H 
ring Inversion are loo unstable due to lVdh.hl^S M ‘ ohubc<l b f 

ignored Their equilibria it differen, .. M Me ,nlen, ction and may he 

wall- Palladium. IHe ,™„e' * in !■ ZZT“ ' K '™ *** b > h «'"V 
a-°l ' respectively wlueh agree fairly rf',y* 1 U k ! "" ,l ‘ and '><' IK 1 

corr^pnnds 10 two eaucht b u,anc intcnreiions in he nan, I e 7 S u 

J^Uhnethylcyciohcxanes have 


I 
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cl * < rn o* efi Irani 

ricxxvn cxxxvri) txxxvmi ixxxixi 

flcurc 10.14 Equilibrium nf in- and rrlrnrnellivfejHfihrtflnrs 

Z. 1 JJ^S-Tdramelhylcycfohciarics. I.U.S'TctmmeihylcyclohcxanetiXists in a 
mtso cis form {XXXVHI) nnd a resolvable (± Hniu form fXXXIX) (Figure 
10. M) and iheir chemical equilibrium at different temperatures has been studied 
{Altmger and Miller 1961K The cis isomer has the preferred triequatorial ccd- 
formation {XXXVITH, the inverted conformation with three methyls in synaxial 
position being loo unstable. The trans isomer (XXXIX) on ring inversion leads to 
an equivalent eonformatior. From the tempcraturc^dcpcndent equilibria, the values 
of All 4 and AS 0 (at 3U0°C) are found to he 15.5 kj mol" and 6 9 JK 1 mol -1 
respectively, the pis isomer being more si able than Hie Iran*. Jtoih the cis and Inins 
isomers have two gauche huianc i me met in ns llut the latter (XXXIX) has. in 
addition, a I 3-diaxial Me-Me interaction. The difference in (heir enthalpies. 15.5 
l(J mol thus corresponds to the last-named interaction—a value which is 
generally accepted. Although this severe interaction may lead to some distortion in 
lhe geometry. The molecule essentially retains (he chair form as evidenced by the 
entropy change (6,9 ns ngninsl n calculated value of 5.K .IK J mnf '). 

[be I'lfiiilibniiitiu of the ds and Iran* iwimei* *.f .UJtiriuu ihvIr^ hijH-xnimls 
(Li’S 11 ij.- illlrmiiiiuiii isopmfkixule] gives a, vafue of IP 0 k.J lnol 1 lor the LiUdhmnl 
interact khi tv tween Me rind (Ml (Mir! and IhmhcmiEx k loot). 

3, Menthols. 2-Ls4»priVpyf-5-im-lliylcyrloht'Kano| {iin*Eiihii|s>t’or!lniiLs tlirw asvno 
meinc centres and cmpis in 4 (±>pain, known as menthol (XL), ncomcmhol 
(XLT), iso menthol f NLITj, and neo iso menthol fXLIff) (Figure 10.15, only one 
enantiomer of each is shown), The first two and the Ian two form epimeric pairs 
and can be equilibrated with aluminium Lsnpropoxtde. They ire written in order of 
their thermodynamic stability, menthol with all the groups equatorial being the 
most stable and neoisomenthol with Me and OH axially disposed being the least 
stable. The bulkiest isopropyl group remains equatorial in all these conformations 
although in the disc or neoisomcnihol, there may be substantial population of the 
inverted con former, The four iltasterenmeric inenlliyl n mines arc similarly analysed 

t«-> rxui 

r-l-jntnlPitil (+l-rtiemtnts«l 

fijurt 10.15 Conuratfan ind conformittiocicf memheli 

4. I - Fh c ny l-2-am in ocyc I uh c xan n I, The ds isomer of l-phenyl-2-aminecyclo- 
hexanol exists in iwo conformed (XLIVa) and (XLlVb) (Figure 10.J6) both 
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? H kh 2 oh 

£^'7^ Ph l 

F>fl NH, 


(X LIVa) 


F*h 
tXUVbl 


(XLVa) 


*2"k 


fXLVl} 


OH 


ilciirf 10,16 Confefircn of r/>i!id /^u l-rhrnji-S^rtiin^^^^, 


capable or forming in ira molecular JI~bond between OH And nh u,;,h 

^aSS53S£g£M= 

“*«■ <■»/Tnreofmliamotcculnr H-bond,, " ,n<i " d ,hc 

ssrasss: whidi - 

-z^r^ ^ ^=*^ 2 ! 

2 3 ^ 

T.tlc 10.5 Conrnmniionj of 1 J, 4 .S-|elmm,tb)>lcreloliennr.. 5 


Coti/orincrj; 

fpfdcmMj) 

*« Me 

toof 1 ) 

Jcri^rtctfum 


i 


53.2 

0* 

2* 


35.1 
+ 7,9 

*< 


9.3 

+ 12.) 

5e 


U 

+ 16.3 
H 


0.5 

+ 23.4 
«| + syn*r,3-Mc; 


, --.-- p 

4 H**hrdI 7 " 1 ” ” d “ fa "* F '“ ChC in,trani »” "Well ■« olM In I he ren, rm ,™ of .11 

_L? ^7 “ tn ? w l,ow lh ' “a"** substitution affects the tamer 

sanwiCI valmMil IT in , v f rS10 "-J- 1 ;DJ™ , liylcyctol , c» n c has almost ihc 
tet nm.thvi I, ^ llo i 31 298 K) as cyclohexane itself while 1.1.44- 
ramcthylq^lohexane has a slightly higher AGS value (47.7 kJ mol' 1 ai 2 m' K\ 

^r^iH ,el, r ClhylC5,d0hcWnc h « * barrier .o ring J \LriL S 

' 33 /K Xll^rsh 2 'VOXr.sl, 0 ,.no has a barrier of’, 

notTncrei the '” IT ™' ,wc ° r “»“ a 'M *&*«** do 

hi.her^U„„ ■ * y very m “ h bnl wl “" lhc dumber of suhstitoents is 
? 8 . bam =' "Kreoss appreciably. Sometimes, evea two group, mcreaselhr 

recent leu {Old I «4). 8 “ I ” ran,c “' 1 ™ ™™« i« > 

J.;tH H . r r- IOr T doh ™ MS 1.2,3,4^,6-Hcxachloracyclohexane in principle 
should ex® eight configurational isomen one of them being resolvable and rite 
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aasitasssg 

gammcxnnc. T ,mr ls tht inset iiwdc 

Tts"" “ - 

inositols Mist in eijlit isomeric forms a U oi which a'c ^nown^M^thci^cr 4 * 

a " -=- « 

and !hC eiShl '’ 0nc '«*«* - ■** 

ggsssss 

j!rL‘.Hr ‘“, SlKr lhe llun, . bcr ° rc ()l1 ' l! « l«Bhcr is the stability nnd the preferred 
con former of any isomer is selected on that basis. For isomers willi three a OH 

n ^iflaWe'fm 0 “ nf ? rme7! a,c ^ ual| y populated. The number of isomers are 
predictable from the planar structure (Leonard ct al). 

10.5 Cyclohexane ring with one and fwo sp* carbons 

° f " ^-hjWdW carbon into a cyclohexane ring bring* about 

JSSTr? ° r ™ 0re V3lenCC arc , in ™«< *c iW S*h«yflattens 

strain j ?, * 1 ^ c ^ r bon decreasing torsion angles and increasing torsional 
Sue*?, 2 d £ " 'T jmeracUOnS amon * substituents and fc<Lecn the 

eorbon 6as *» ™< 

J0.5. f Cyclohexanone rinjj system 

J|* C absence or any Complicating factor, cj zrfn hc.r.’inrtn^ <r r n'r/: c jfamt .y ca -cfost \c(y 

■trusted under fcEfcJJ l ' ll ^ il ^ nr -"»"“» l ■*“ “ f <***»„— are 

of iete'Sc?' ThB t ' CnmC ' r> ' “ r ' ,,C ollair differs sli B l,lly from thal 

CJL- Crr. bond length - 0.1545 nm (154.5 pm> 

Ctfi- CO bond length = 0.I5J nm (151.0 nm) 

C-CO-C bond angle* =116° 


l! 1"'®° which meJns Itul Djlirmiitfi is miHeJ bv (nnionil strain art) ippIc jintin dccT 

(twlnp 
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white the flexible forms belong to chiral point groups Ci nnd C 3 > Due to flattening, 
[he e-ll’s it C-2 andC-6 in XLVLljfc partially eclipsed wrth the carbonyl oxygen 
ffl-4.3 a ) while the a-IFs Jean slighliy outwards. The combined cfTet;i of angle 
strain and lora'onal strain slightly destabilises cyclohexanone relative lo cjtelohcxane* 
The lower thermodynamic stability or cyclohexanone is manifest in the equilibrium 
or cyclohexanone cyanohydrin {sp' l ^sp J ) which lies more towards the cyano¬ 
hydrin side than that ofdi-/r-«iyl ketone ftf is 70 limes as great) * Similarly, the 
lower kinetic stabiliiy of cyclohexanone is manifest in the fact that ii is reduced 
with sodium borohydride at a rale 355 times as fast as di-if-hcxyl ketone. These 
manifestations of strain have Iona been known; ihe term retrain finiernal sirain) 
hn been coined by Brown for this {see later). 




i> 

Cz 


ci 

tXLvrdi 


fXLVra> 


IXLviai 


(XLVk) 


Figure 10.17 Con formal bn and fromerry nf ryrlohnrannnf 


In comparison to cyclohexane, ihe flexible forms here are slightly more stabilised 
due Lo the absence of eclipsing or adjacent c-H's with Ihe carbonyl oxygen in (he 
(wisi-hoit forms fXLYlc) and fXLVfd) and due to ihe partial absence of eclipsing 
between cis H's in the boat forms. Of the two twist-boats* the one (XLVic) is 
stabler than the oilier fXLVId), ihcir respective enthalpies fen leu] a ted) being 13,4 
and 16.7 kJ mol 1 above that of the chair form which arc considerably lower Chan 
lhat in the cyclohexane sysicm (22*2 kJ mol" 1 ). The (wo boat con/brmers (not 
shown), cue a C, boat and ihe other a Ci boat have slightly higher energy. The 
flexible forms may be substantially populated in cyclohexanones with bulky 
suhslituents, more so than in analogous cyclohexanes f A [linger ct a I 1%6). 

2, Ring inversion. Because of lower lorstona! barrier around an sp’-sp J carbon 


‘The roMfluc q/ one or mote axial njbscmicnis. however, irvcrca the dirwrion cJ rfvt equilibrium due 
Ea inlcndion fwe BiH I9fi2. p 24 J). 
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268 Stereochemistry 

,in ^ ^ ™ c> * hc frcc tncr W of activaihm for (he rinji inwisjwi in 
HTlSfT 1 *! lK WfTSfl ' ,RlhJy ' , " VlT ihtln ^lollManr Tlw Alii vtiIiu* r,l 

JLL z fl'TF'V 1 !""- . . as ?I>5 . . .ASI '** '**« 

,9 h aS) - ™“. thc "»«■ '™ h more lh.in l.nlf way he 
KrfrS l,*" ^ '"'"conversion*. IVmkuouiinn amone he flexible 

2M33SE" ,s more fscilc " un in cycloh “ ane and “* 

J: r^l U ^ a]k >! ke,0rte dfret In cyclohexanone. the equatorial K's at C 2 
2? £^*.P #rt l * lly a nd if either of them is replaced by an lty ^n 
the interaction between it and the carbonyl oxygen may destahi £ fhTS* 

ronfo^rr^ CreaSinB ^ difr " eRCc bctwccn ^ axial and the equatorial 
conformers m comparison to that in cyclohexane, m decree h known Tf 

S C,0nC cfT ^ n1c!,surcd b J the difference of in cyclohexane' and 

fXLVll) ^dTxLVmHR, ^ f ° r ^ikyl^butylcydohexanoncs 

n „ 7, {XLVIII) (Figure 10.18a) and of 2.6-dialkrtcyclohexanones should 
prmapk. give an estimate of these values. When R = Me this value is nil in 

"t * TT (_ . 2 . 0 kJ morl) - This is «™ P ,ch™blC m: ,h m «hvl 

™7c=o q Til IT*? T ( 'l 10 any «"»«“* si eric S 
in -hid, r B :/ctC"S re,i0rain * ntly in 

— “ J iktwi “ sfbiliscd aver .he 

, ‘p»S *T.n7““ « tsz 

effect which is q uiv 3 | tn o ’' buT,„, l ? 0r R “ knnw " " 5 

fur™ prevails (see CD sp^trum ‘„ Ch"^tTs) <>r ' 1! " iw ’“ c ’"" c ' lhc 

ih £" ed c 4 fi alky,k rr tffw wh “ *- «- «> 

^ lob “- -»- Z 2 

A sortiew!im; (ii^rr Envcf^Ti*ri Inrri'rr k» i 

coslaceiire tcntpcnltiiv in 'tl-NVIK .rmnim^r 'Tvl^ * AnCI 111 ham the sludv pf 
«-l»3*C H-KMHnm™orcye | ohe« an or 1[ .3J / , A 5^. whichi, ,61 kjmef" 
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S. Spectral properties. Fketronic interaction (fie polar o-subslituenis 

and ihe carbonyl group in cyclohexanones is also rcflccieJ in some spectroscopic 
properties. Thus in IR, the C = 0 stretching Frequency fi'«) is increased in the 
equatorial ccmformer by the nearly parallel dipole of Ihe equatorial halogens by 
about 20 cm In contrast the axial halogens which are almost perpendiculnr to 
the carbonyl plane hardly affect p in . This spectroscopic behaviour may be used to 
distinguish between isomers with axial and equatorial halogens adjacent to a 
carbonyl group. 

In the electronic spectra, Ihe axial polar bond, C-X fX-CL Br, OH. OAc) 
brings about some bathochromie shift to the mrbonyr absorption at 25(1-290 nm 
(due to n-ir* transition}, This i$ because the near parallel orientation of the polar 
bond with respect to the r-orbital of C=0 causes an appreciable dcIocs lisalion 
involving the o and ^-electron*. On the other hand, in the equatorial isomers, 
there occur small hyp'sochroinic shifts. The halhoclirornic shifts (V>r axial Cl (lr 
Oil, and OAc arc respectively 22. 2K. 17 anti It) nm while (lie hypsnclimmic 
shifts for the equatorial substituents sire 7,5. 12, and 5 nm respectively. 

ft may he relevant to mention that the axial proton at the rr-carbon is easirr to 
abstract by a bare since the n-decirnn* of the axial C-N bond maintain a 
coniinuoiu overlap with the rr-clectmm or P-O during the formation of the 
cnnliitc ttmon. The reverse, i.c., proronaiinn of die rmibi? ion also tak™ plaer 
rmm (lie axml direction Tor the same reason (we Chapter 12). 

10,5.2 AlkyUdcnecyclohexsncs 


InalIf ylidcnccycfohetan«s(nsUVH figure 10.20), C=0 is replaced by C = CRR 
* turning the same geometry as in cyclohexanone, in ihe equatorial conformation 
(LIVa), the allylic segment, R-C„ =Qi -Cy-R is near coplannr so that R and if art 
almost eclipsed givm 3 rise to a U-diaxial interaction, perhaps a little worse 
because of the shorter C=C bond in between, This interaction is designated A u - 
or allylic I,^strain for ihe sake of semantic simplicity (sec Johnson 1968) since 
the groups involved are at I and 3 positions of an allylic system (see also A ljl 
drain in l lie next seel ion}- Hie numbering should not kcimfiisrd with (Jmt d the 
mE . ,n whlCh S P‘ carbon is numbered 1. The axial conformaiion 
d'/i il W - ™ m P anson > ^ (V/0 R/H synaxial interactions and an almost equivalent 
Rmieraction Dependmg on Hie she or R and R\ the axial conform^ may, 
therefore, be ihe preferred one. A stereochemical ihcorcm has been enunciated as 
follows (Johnson and Malhona 196J). If in the stymie system ns UV, R and k 
are medium to large groups, tie axial eonformer (LlVb) is preferred over tie 
equatorial (LIVa). When R - R' = Me, the distance between them is 245 pm in 
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UV .1 and A'^-strain is approximately 32 Id mol' 1 ; after allowing for iwo gauche 
■“ (7.5 kJ mol } in UVb and one cis butene interaction (5.5 kj 
Wuc "terjaio" of fi-Me and v-H.) the difference in J 

equatorial and axial conformed j s 19.0 kJ mcr' in favour of the la tier. A recent 

RL R -- D ;'-Mr 4 ,r a "' r ' 1 ’, o “ m ° r ' for i*»">!«>«"-) (uv. 

m i f (Allm P cr ct ftl I56 »)- The A 1, ’-strain is illusiratcd with 2- 
SSSfJ ^* “*'• ,|1C *-tltowner of which exist* largely with 
(NMR Sludy) 5 duCl ° A ~ s,I ’ lin * bul lhc/J diasicroomcr has the Me equatorial (LV> 

Ifi,5.3 Cyclohexene 

The onnfhritutinn of cydohoxene willi two*p’ oirhrais fa-t fonp h:cn known In be 
n WTjh.,r |LVIIJ finite 10.21). which is ... hy X-ray «wX?CfcE 

l^iV “‘ Bl,e 4lC,m ' t!wS nls " by cleL[ “" 1 Action MuLs or c^lo- 

Mm ^ ‘i . ? T 1 ’""' P ' im ‘‘ 1lH ‘ h, ™ ,n ""I** ■" >k«wn arc supplied hv 
I uriLbcnl L.iluilalions and show cnivtiilvmhlc tlriicninj! of ihe rina 1 rear ihc 

b?m4S: TI “ f “" OWi '’* ' hJraC ' =ris '' c kmua ° rt » ctol, “™ Swtwlry m»y 

hJLI?! C t 1". C t?’ C ' 3, ind c ' 6 at0m5 arc In 3 P linc is ate the two vinylic 

dfwn “ IT ^ rbOTS and c ‘ 5 arc d ' s P° sed alternatelyup 

and down for down and up} with respect to this plane. , 

ard hU’nVJT 131 ' fLVIIa) * 9 i3t,s bi MClin B the doubts bond (no o plane) 
i /1 ° 1101,11 * roup ^ f cIlini IJ‘ The two enaniiomeric structures fLVlfa) 

"id lLVilaj tire, however, interconvertible by inversion of the ring' and so form 

^ *" !h0wn in a dilr “'"' l*w«h. by «. ££, 

a ,hl^Lf°Ti yliC ( , C - 4 and C ' 5) hflV * aTmosl "<™1 equatorial 1Bd 

axial bonds, the latter slighily leaning inwards ihe renire of ihe ring. They are 

the 53? ! 1 rcspccl,vcly ; ^ «' al a " d equatorial character or the bonds al 
fffl-Slfe T? F ' " consfdcrab] y modified; a dihedral nnglc or 44« 

(60°-l6 ) has been calculated for 1L-C-C,-H fand and the two 

cquatonal bonds at C-3 and C-6 me called pseudoequatorial ( c '). This leaved a 
thhcdral angle or 76- (60°+ 16°) for IT.-Q-C.-tt and ft-C-C-H and the mo 
5sill bonds are called pscudoaxia) fa'), 

4 The interconvemnn of the Lwo half-chair remit probably fi ^ s a 

transition state which may be represented by the boat conformation fLVIll). The 
experimental barrier energy is 22.2 kJ mol“ fAGt asdeicrmined bv >H-NMR r^m 

«dS^^r "^ 0 ^'^ 1 n vfm ° rCycfof,CKenc ^ a ^l^ 4 Q- The calculated value of 

r, zzzzt ~ 

* 

k nitnl tvr ^ . .| rtV 
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Confitnnn linns of Cjtriic Sy.Vrtn* .♦ Aftnutr/rUc Ctimfmjuuh 273 

f Figure 10,221. if K and ft J ore mcdcrjicly large, they will Interfere Clerically with each 

“"foriwr (LIXi) to ,«ch >„ ttat I ho axial' conform?. 

f LI\b) wni be preferred. As oTr«<Jy flared. the dilicdnl angle between ^-substituent 
Jil ~ ]-substituent lit considerably less than the normal value or 60“, When both the 
lutKiruueiits are Me, an enthalpy difference or 1.5 U mor’ (approximately! has been 
emulated in favour of the axial conformcr fwhich contains a U-di.ixial Me^H 
.rJenehon] corresponding lo a mixture of 64:36 at ambient tempera hire (ice also 
■ -^r c, ■! ^6{jy A ‘-Simin is not a powerful cfTect and becomes manifeji only 
™ bulky eg,, PI, Thus the cnamine fLJC) ami l-phcnvl-J 
--ivkydoheicnc (LXI) exist predominantly in the axial conformed (NMR evidence], 

(LtXat fL/XHl tLX) tU J(|] 

Ffp«* TO. 12 Aflylie 1.2-tijain 
4 Cyclohexane-1.4-dionc 

"/* f^irosoop'c data (IR and Ramanl of cyclohexane-1,4-rfjpnc show conclusive tv 

1 '1™ ,n * r,r>fI ‘ 4 ' hjt}/ conformation both in the Hqtitd JfK f in the solid 

ri Four OcMblt conform^ <U«fay_aXiuy (Ffcwc VO 1^1 nK p™VWe ot wh’wh 
“* OIK t LAlZil) is ihc iikvm liable, The dipole mnrn?ri or cyclohexane-1,4-dinne ti 
— stmH i'tif 





rLStllbl 
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fTpire JO.ZJ Conftnraiw of rycfoheiane- r.M'onc 


Carbocydes other than cydohexane 

elsewhere, c.irbocydie tings may be divided into four categoric*: small 
^ A-WLtTvtowti^, eomTMHv liras 15- \o 1 •mtmfetrt'4'i, u\cd\\Lm nrigs 
-‘Cumbered), and large rings (12-mem.bcrcd and above). The cyclopropane 
- ’ rccssarily planar and there is no question of conformal ion. stereoisomers 
“ -"-ed lo rigid diasicrcomcrs and enantiomers. Confer mat Eonal heterogeneity 
*r^ zte ct efabuksne fine, becomes well defined in cjvbhc.XiWc, sndyrpfij 

"“JflfMTi TtitSmui tings. 


*^amnlp ni inn In fAtt one rnmhirfl nnb 
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fUXb) Will be preyed TZld y J( Si tww 7 '"! ^ lhe a *' informer 

i"<J 1 substituent is consiritrablv lLttel* 1 mk bc,w ' ten ^-mtafituenl 

“ “*2 <,?,TulK 60 : r ,he 

ralcnlate) j'n favour of i| K ,1. ' ,,. J v mt ’ 1 lu* ben 

interaction) corres^iKliiia 10a mixiuic of Juv'^ J U-dinnal Mc/II 

Allinfer « ,| , m y . u * ° ° r **,“ 11 a "’ bl «" '^Perotoru (sec also 

bw «" c (lxi > - Zszss. 


1Ll3£o * fLlXb] fL)11 

ILK] fLK|) 




Fipur 10.21 Allylfc IJ^rjin 

10.5.-1 Cydohcianc-M-dloiio 

»* Four (lcxihfc «SiS^SSSS;J? h " ,oM? Uld *" d " «* «« 
*e be, one (I.XHd) I, , hc m[BI Mablc \.J. L ™! > ^ r J f * 1 ' V*?™ P'™h|e or which 
*rry small bul non-zeraL ^ 0nicr,t ™ c^lohciamM .4«Jionc is 


-OO-e 


airirrfj 




0 Q 

<LXhc) 


PpiPt 10.23 Qwfomtfa* of cydohfiune- 1 , 4 -dkHn: 

10.6 Carbocycles oilier than cyclohexane 

"’?* ,S / diviJcJ inl0 fo“r otcforics: small 
*• comply in medium andf^ri™ dcn "' < ' " CyC,oh « 3 "'- lnd 
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21A Sh'rcTfriu’tnixtn' 
IfiAl Cyrhilmtaui' 


Cyelobutanc may be represented by two extreme conformations: a planar or? 
(LXUfa) (poini group and a puckered one fLXllIbl f point group 
(Figure 10.24). The former has the pairs of adjacent H’s eclipsed and suffers free: 
torsional as well as angle strain. The puckering of the ring with one carbon atom 
either above or below the plane of the other three relieves some of the torsional 
strain and nan-bonded interaction at the expense of angle deformation (increased 
angle simin}. Rnmnn specie and elect run ilifTractinn experiments (also X-my data 
of substituted cyclolmtancs) confirm the puckered conformation (LXIUh) with an 
angle of puckering a (the angle between G-C:-Ci and C-C-Ci pbncsl cf 
approximately 35° (the torsion angle arc alternately +25° and — 25"ll A 
geometrical consequence of puckering is the existence of two types of bonds very 
similar to equatorial and axial bonds in cyclohexane. 



M^ur? \tl.2-t ('i'llUniiihinv nf pyilnlHilnuf 


The inversion of the ring resembles the wing motion of a hutterfiy and evidemly 
goes through the planar transition state (LXIlia) interchanging the equatorial and 
axial bonds in the process. The energy barrier, however, is very low, around 6,0 Id 
mol 1 as determined by Raman spectra and may be as low as 4.5 kJ mol 1 in some 
instances. Substituents are preferably placed in equatorial positions, as in cyclo- 
hexanes. Thus bromocyclohutane exists predominantly in the equatorial form with 
very link' of the axial enn former, I ^substituted eye lob nr.me such as the 1.2* 


iK'.ir busy lie acids show diastercoiiteriyin (cis and trans ixoiitcrism). I lie trails having 
dicqii.i(orial and the cis having equatorial-axial substituents. Base-catalysed equilibra¬ 
tion of the cis and turns isomers of the dimethyl esters of LS-cydohuin noli carboxylic 
acid yields a 90: 10 mixture (in favour of the loans) at bS'tZ comparable to the 93:7 
mixture for the corresponding cyclohexane derivatives. Like eyeluhexanes, cis- 1.3* 
d[substituted .cyclobutanes t arc more stable than the trans isomers, their con¬ 
formations as <.e and cji respectively being confirmed by electron diffraction 


SmLmMim 
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Conjcmaiw ofCfc , ic Sj , slrms . Mm ^ tk CompoMds ^ 
rt s ' , ’ b “‘ yl E ™“ p ™V be used as a holding grDup 

(LXIV, M d(LX^'r„ 

rv - im °c. 5 £ ::irr ih ■ ic ° —sss 

frDl1 ' hya hC,Cr “ ,,0m reJ “« * !-■» «ZZ " CH! 

J 0 , 6.2 CycfopcnJa^c 

phnar CoiUfarntaiioii of eYCloncnune in 
because of eclipsing ,n,e fac iion S am on" fl Sjf" £"" P»“l» “ *Wr strained 
aim™ a,!. Two puekcied c™r pnBi(f ®,S«v'™ '* 0U * 6 «* fe “™” » 
one known as envelope fLXVh) 5" rct4jri Sc ™r rcsiduai JVmmefrv 

m SUre ' 0 . 25 ) are preyed a “f ta °'™ « UM.fr ”S 

■ c ' *^^r^:ro”? m T c,,y fc *« K» 

. ) The c con former has four carbon °* rSIOn ,nE * eS 13 Shown (Bucoun 

-t)ovc at below ihe plane The r , n 1 Dms ,n a pla»e with the fifth P jtki» 

!b>ck lmra ) ir » plane with the founhTnd/S? 'i‘” tl,m: art,nn atoms (joined by 

SS,n mS ,' ik ' n 'np'« ™ water nteZwl^.T .TF" 0 * "*»« '™nd 
*~ n half-chair forms which are of jIdim . n c n loEa J ° r ten emtetone forms 

s** * *i i™ i-wSi ni it *"*** ****** K! 

CnCrfy lc,wtr Sn R T ^f , ?? W * k l nowB “ PWttdorottiion 

iablt by about mo p. j ■ _ ^ ^ojmahOTO. tbe planar form is ids 

Fttudcrotaifon. * ,l * ™ a *U*ban attic nor an intermedia* fn 
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fl e ^ 
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fLXVJIJ 
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°~1 op ' ro[ra -* *—^ 1 = 

posilk* „ the ,,'poffc lhf C?UJ,cr - 

less than (hat for the dimelhjlcydohexincs (7 8 kJ mif V ™ wh ' c f h lS 

(c 4 n) by 2 25 fcj maV 1 Tia.v ■ ( ' i0 U-XV1M) is more stable (Inn (he (raw 

situation is the lialj^hair form fLXVrhl wit hi*” fa ^ 0Ul f ble ^"formation in tftij 
the middle of the ,hr« *Z In, r ^ ” rbonj1 ca *« or tan-tom in 
two non-plan a r andCee ' ? ^ ^ ”***** « * 

atoms in ihe plane are also nu'nimivH rv Ips,ng mttr!C,| oni among the three 

h^n^mZ: "TT™ j " ‘he 2- 

which is close to that calculated for thfhSt J* lween h *To£en and OO 
calculaietl f or the envelope form. haIf <hair hut quite different from that 

at a much slower ralc than 

!° sp change is less Ilian Suflicicnl Id ctmmerraie foMhe ^ * n * lc . slra ™ ■'" Ihc sp : 
m cydopentano} which implies 3 Bceatfar^JZ/ ■ h 'I 1 ™ 4 * 1 [orsionai d 

^a„ 0 „e, TV cyanohydrin ^ £ Zt^ZZ^ZlT. 

ICycfnhrprnnp 

™ ? r >■ " k 

more than one Tarnilv’ e»f mnUm fifeater degree of freedom. Usually 

?■* P^LtaltZK^ £ t* ,he .•“ 

into a member of the other family bv rina ■ cm i bcr ° r ° nc family « converted 
process). ,lm,,1Jr ** “8 ’"'’"’•on (usually a higher energy 

chair (IJCnSo'ud'irlrtl^bai?''(LxrXbTf ^ onc «* consisting of 

«^rfte(L X i^Jlf^ ( Xref l,e la26) and lhC °' h ” 

bamer of appioxiraaidy 35.0 kJ mol' 1 ficss than ", 1 ' !c !' nnlc<l hyan energy 
inversion). The two enanliomeric IwisSh,' J taa Ihat m ^loheiane ring 
Ohcre arc seven such ^ tUDOO 

and pseudorotaie into each other nithle ^e c^ir fLXI^ ^ 

c ifue cnair (LXfXa) as the transition 

^ISr ^ ^ lte « «>' ™ - — he«o », h.„ dhren, 
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[LXIXc) iLXIXd) 



*2 

fLXXo) 


(L XKh) 


C> 

(LXX«) 


Mgurt lQ.lt, Onforntnimr-. d cyelnhfTUjieif »nJ tyrktefrteiK: 

stale (energy barrier ^S.O it J mol J ). The intercomversion is very rapid and only a 
single proloa peak is seen in 'il-NMR eveii nt very low temperature. 

In ihc iwift-cJiair conformation, four difTercnl lyp« of carbons (C-l, 02, C-3. 
and C-4) and seven different types of hydrogens (two on C-l being isoclinal) are 
discernible, Pair of hydrogen atoms on carbons other than C-l (which is on die Ci 
axis) arc designated equatorial (c) and asial fa). In general, a subsiitnent is 
placed preferably in an equatorial position either at C-2, C-3, or C-4 (almost 
equivalent in energy). The pseudorotation process and mtcreon version of chair- 
boat forms may be slowed down by the introduction of appropriate substituents. 
Thus the proton decoupled '*F-NMR spectrum of iy«^-L2-dibiomc>-5 t 5-diniioro- 
cydohepianc (LXX) gives two angle is one for each conforcncr (Ibe getntnal Ps 

are homotopic tm<l so do not couple) with relative intensities or 26:74 at_] 

(Krtorr i*t at I%7) which ran he rnlinnnlivit by llic Ewivt-chair conform n linn?! 
(LXXe) nnd fLXXb), 
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278 Stereochemistry 

C£c&TSS T"""? r i51 ' aS ” ml, '"' rc «f ««*«*■ Willi C=0 either H 

" !] ' C 

i = c,n P £ 

C f’ °' S * a "« « >««W"r. in incrraserl l„r«i„ m | Iwite. T5 
l5Sr)> G "* ® roUpS SUCh “ * d ™ Wc hn, " ! or »" line <«* Riddell 

10 ^ Medium rljiijs: tyrnffirr nations 

^ f8_ t0 n *^ ra ^) show some unusual conformational 

10' ,he COmU,0 ° and lar£C ^^gs-Tbestrain per CH: 
fc I nUiP?fL ■ ik fl ChC mcdJUII, nn £ compounds is appreciably higher (5.0—5 9 
(1 3 k !5 m 1NC S£vc “” cd <3 S W mof) and in ihc iwclve-mcmbered 
rio« ar^rh\h ? C0D,p0 “? ds wh,ch bracktt lhe * Be conformations of these 
nnf 1 h h f ““"f ° f ** H ’ S are diracted ' nsidc lh < nogs (intraannular H’s) 

sgbshW nrs?'T icxUmtlmhl ™ P"#™! II*). Thr former 

whfli fe w ! 111 Cf1ICl W,a ' anc atK>lf,Cf stcricully across the ring leading to 

noun as transannnlar sirain. The tninsannular in refactions become 
mamfest in many physical and chemical properties of the medium ring compounds 

tm™nT^\ Crf ° nC0US 1° “ SUmc ,hm lhc slrain “ solcI y confined to the 
! J r mierart,om-thcy contribute at best a^minor part to the total strain 

im " sc, . ions are lar £=’y rctievrt ty deformation of bond 
‘." Ete and ,0, ” oa “"Si® Eivmg nsc lo angle and torsional strains. Tbrec medium 
ring compounds arc discussed below (for a review, sec Dale 1976). 

t. Cyclooclane. Three families of conformation* exist in cyclooctane rine 
system; a highly symmetrical down form (LXXIJa) (Figure 10.27) of Du 
symmetry (alternatively, an extended crown), the boat-choir Ibrm (LXXlIb)of C 
symmetry, and thirdly, the relatively unstable tub or boat form (not shown). 
Previously, the extended crown form was believed to be the stablest conforms 
More recent H-NMR data (Anct and Basus 1973) are consistent with cyclooctane 
existing as a 95:5 mixture of boat-chair (LXXJIb) and crown fLXXIfa) con¬ 
formations with AH°=7.94 kJ mol' 5 . AS«=4.0 ± 4.0 JK" mor 1 . and AG*=46 8 
ju mol’ at 45 a C (boat-chair in crown), The boat-chair form is also supported bv 
° f c ^ al l in<: rien'yatives of cyclooctane (Srinivasan and Srikrishan 
1971). The free energy of activation for ring inversion (boat-chair to boal-chair) 
as determined by dynamic NMR using cycloocLine-tfn is 33.9 kJ mol" 1 at 
—111.5 C (Ariel and Hartman 1963). Jmraanmil.ir H’sai C-l, C-4, and C-6 on ihe 

reni^i al nrd C-7 tin die lower side of the ring lend lo 

irnn.vniniiljir micmclions shown by ihuinl irinngk-v, 1 

11-NMK spectra of oxnamc (one CJ|, in cyclone I run.' replaced by O) m low 
temperature arc consistent wiih the hnni-ebnir ctm formal ion in which the 
inirtnnnubr Hat C-J is replaced by a pair or electrons belonging to oxygen. The 
boni-climr conformation fora7oamc (one CJ1, replaced by Nli> is nko established 
by 'll* and I:1 C-NMR with a free energy of activalion of 30.5 kJmoH m —ISO'C 


Camnln nnlnuT in Tr^l PHF (Inmlunf* Onlv 
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"44 

t LXKli 4 j 



- f 3 

raj 


U 


tLXJtrJb) 


flS»* 10,27 Cbnfarinaijo^rf^^^^ 

c^cJononinr a h "” bM0 oteulMed to, 

J xxTr. ? J ‘i b,lOTgin * 10 nomi f ,JZ c. m d *££"*<** d-xxnn,, 

‘iSS? ?*"'' C **"“"«* •>»« also been amuL?l A cta,r 

I9?n w S h °r lWD d,M,^,C, lypcs nF <^W in i|i r nUn^r? P7 NMR s,Kctrll^, * 

97/> wblcb BOOftsisient with the tw/fi-hn-.i a . h , f 2: If Ann and Wanner 

■ 1Jt y tnnJiirnutKKj oriuurrwinmolry Thr nti\ r ^ * /> ! rtnt * iiwoffiatfeof with 

fl ‘ -KttCiiahoft,™, n> k i™ ,!> J m '' ™ rt W»«Wlrf25 k.l m* I ' 

iwo rites occur*. Tw » -n which ci^npc heiZvn 





tUlXm > HMiM 

F1 * UfT IW,iB Conf,ir tn»linflmfcjt1onoiaii C 

features or the medium °rln^ n ir^ rav' N UlC ™ nformauoj1IiI 

Jwiu m&) have established Z * ^Uogrephic Mud.es fsee 

- -wo different pc^:: ^ r o h 2 :t; , ™r o , rmii,on a xm) *•« 

IS- «-?■ **»!“ *•* 

^ajor canformcr in the m nii»„ ,i ■ . ,n IV, Ji also show it a.s [be 
Tze foJfcwing arc the characteristic fa^rcs' Lr crnformnUan. 

0 The conformation ^1^7 eolation; 

-trough .ht fWc-fx -0 .ho C. axis 

=f o plant passes through C-f and C-6 and coniatm iht ™?. 10 l ’ l " nI f rou -’ C »- 

- these carbons ® comams the aaial and equatorial H's 

arasrassSsSSSsa: 
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(LXXVJ 

FIbuit 10.29 Coafbrmniou ofq clodfcinc 

and is hydros™ <M occupy six dilTmoi positions. or He throe tyres or carbons 
ype has e-II peripheral and n-H intnannular (c.g.. C-l)- type || has both i H 

; n t n r:; s r «* ™*■ ■ * z 

'** T of lwcnl y H s ' fourteen arc peripheral and six are intraannular Of 

rTroV'T a,C T CM 10 C -'' ** • nd « «< 'he other “ C -3 C 6 
Ljmw .1 TV. shown by a doited irianple in LXXIVa and al.ro separately in 
b). The members of a triad are within a distance or 190-200 pm and are 
,he interactions i„ cyelodecane. m roun«n 
a! H * be ° n£ ? [ 0Ur dlfTcrcnt artd relatively unhindered. 
iiy) An inspection of the conformation fLXXIVa) or (IXXIVM with the hclo or 
appropriate models mil establish its resemblance to the diamond See fa So 
gj 2 £" constituted of cyclohexane chairs. The „i 8 J and“alLd 5 are 

are attached *° U ?° S ? * n c ^ clohexa,le ' V are differentiated because they 

are attached to non-equivalent carbon atoms and because some of them are 

exist in mU ?““ 1,Iaf - ln fa <* a reonosubrtituted cyclodecane may 

exist m seven different conferment: three enantiomeric pairs (R at fl. a n-c an d 

m j f 0n , e r° (R " ** <»*«***«* -« not appreciably popuhfed 

rrr^ * ** * „„ ‘Zssssmzz 

M»M c« , ” ,r “ l " ct ‘ on of one or more pcmin.il dimcihy] groupings, for cample 

flhh n , 7 y T f" nr ?' mCn in ' vhid ' <h '>' »« Pfeccd on rnrbons „r lypf jf 

™ ’ e{ " '•'A 4 Hclra n ,cihylcyd«| { cin t ILXXV)-. Itcphcc- 
O “ mZ C-O s„bf°T 'Ksdcmamlmp. bcteroalnms. such m 

I 0 A 5 Medium rinn-i: some imtiauii] prnjrertic.s 

TTic medium nng compounds show a few unusual physical and chemical properties 

(some arc due to transannular interactions or proximity effect). They ire disucsscd 
below. 


e£KSi^ " CI - M * L ™<™ - «m— c-7 
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ksk- - - *■ ^ 

S?^^SSS^ hfc ^SS5 

sir^Hsasis 

LT^ Cydl ' C “"^ ■“”»>' P'««* through a 

^wS; n ,r m ™ n *£ “! ;«^fs,r : *2 ■<* *£& 

IwSoroiwi,!” nml'uIT ^0 ' ,,, ’""'“ , ' «wi!w 7h° a^gy""' '^^nnular 

Xtr- - * -^iS'ic^r ™ 3-?- 

W?u 3 B r" 7 ' UC5,) s 

&r U ^'- «° «M 


* swa "' !|i<hjj - *«***»«,* «***,. 
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C O) or s|^ to .sp (oxidation of -ClioiJ- i a r=O s r - n a c -» 
SSZ• ™'i«vcd a, theet, 

WR^sS^SSS^ 

nog, the major source of * * , c c * ttm f * r 7-memt 

SsSSsSSSESSSsa 

Masr— : —csrrtras? 

Tnhlr 10.6 IctadHL en* of then K e In hjftHillMiliiin in dilTrrrni rtn^ ff. M ni 


xO __ 

rW Stfaf 


£iH|J *tic 

F«citr prnLBi 

Rrliff rrf mnittr urain 

J-Wwl 

^rafatmA 

( 1 - PILtllll VJVt.1 

ll^mrrn fkrrC-d 
12-mfjnNfrrff t<vI Mhy 

Hi' ”■ ip' 

*F? ~" t l 
* p' “* h* 1 
n»' — 1 *p J 

id 1 ■■■■ill 

it^pk vtmn 

1 f trMErtlnl -.1 im it 

nnjrlcr Mmn. hir'-mn.il 'iruir 

Irrn^finuJnr mejifi 

■! , 1 ^ iu 


•** *■*■ torch,dride is 

wlmtysis of the tosyjales dented r™ C> ] c ,c k f ,0TO - The rates of 

a rhenium intermediate (so* to sn’l nr ti I* °*. wtlic * 1 gnes lhrou £h Ibc 

rates of S,2 teau'on (X £ tatw T, Tf™ H« 

also follow t^ p 2 "" cydoalkyl bromides and lithium iodide 

7SS----*hEWS- m " nWc opcn ** 

ptfrs sesa; ?** - c =°— - 

***** • cban* e i„ the sj^ral ImZ 3C? £""" aC " ng will > «** k 

fC-O) Ur *Z the"ring^Partial ^ «*-*> - “ £S£* 

leads to a lowering of carbonyl £L.J!? T™ * * IWO ** P fa “ *hk* 
moment, md a ftouut of nmivitvV th? ii!' , vne *P«cttd1y nigh dipole 
contains □ chiral centre, (here u obierarf ,! ™ Thnn V ] Group. If the amino ketone 
efleel in the resinn of 360 am (C=Q A £ fp|fa !? , ““ b,# '™ kn " !, f ° r «• Colton 

i° *£ a n ^; hcn ' ht rr kc,ona ,A 1 ■* ■«— 

—- - - a as: 


d in ImI Ull£ i‘.i"UTLtUTJi ilElJu 
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2S2 Sfarrochefiiisfty 

C=Q) or sp 1 to sp' (oxidation of CHOU- (o C=o ^,i w ^ 

™ y * » Z&2ZT. 

of ttssannular interactions ™ y also coniribum m u 7\ a™ arain ari5in E ^ 
fnss, a change from S p ! (o sp* (s hvcmriM • / i ™ n .' f" 3- and 4- members! 
of-soma torsional strain). In 5-m cm he red ril.” 6 i'™" '? re,cvc ^ al ,ht expense 
*n« it removes consider.^ mEfS tors^i^ T Sp 10 5 " « wfe 
Sirnin is slight. In cyclohexane, there Is little S ^ V""" 1 ' in ,n f ;s 

sp ! to sp' is very facile For the J “ J 0PI ’ 0SI,ICI ' 1 «<l >lK change fro= 
ring, the major source 7S"," n ” 8s and *?««* "'em for 7-memtere; 
deformation of bond angles and t<^<7an7 la 7 , |i r:!C,IO,B W ' lh con oomitac: 
partly in n change from sp’ to sp' due to a <t?~ h I Ch k m3y be ren,OT ' d at leas; 
H’s. The situation of l-strain in dirfe rr „ ,■ re, ' lsc ln ,hc number of inlraannular 
follow (Tabic 10.6). d,lrCftnl ™ c tyttems may be summed up as 

Tahie . 0.6 RetaUve earn of ch„„rr tu hyhHdtatfon h dmmM ^ „ ^ 


Rtng si TP 

3-anJ 4-incmbcrrJ 
S‘iricftihcf(J 

(►fflfmhcifil 

T-tO n.riiFmhtrrftl 

I2nncmhf fl : < j tfV j y p |, w 


Fteilr pfiiccw 



Krf!c-r iiiiijtir urnjn 


■ Umin 
tifrjiidiijil sirnin 

ip' — j~i Minin 

«tf„ __!- irfnMnnuljir strain 

_ ° >p r Ftr »^ ■fiffcrfrtcr in TilhfT rhnn^ 


out that wh i)c cydo^Tanonc cyilnoh* h"! C0ni P 0Unds - i< may be pointed 
not form a cyanohydrin at al] The raicofVthiS' dlss ° c,a ^ cydodccunone does 
with sodium borohydride h h, ?Z , ^ of ^ecanonef^ to 5p >, 

solvolysis of the losylata derived from cyd^lLdf Ukh"”' ^ ^ 

carbonium intermediate fsp J to sn J ) arc h JL, r ‘ h' h * h £0CS lhrough ,hf 
rales of Sv2 reaction (sn* | 0 ° ™ dlUm nnf TOm Pounds. The 

also follow the ame li? 9 fdDalfc 3 ri bromides and lithium iodide 

compounds and are cot amenable to f^sin^T 0pCn Cta,B 

proximSJVfth nnrnhcr'lmiBannNlar Iro7wUle" f S “ Ch as . C=0 comes info 
expected a change in ,he specM K? 0 7tab tW” ! l ,hcre is 

(c=o) £2 pL 3 , C: ^ e) and an 

leads to a lowering of carbonyl Treauencv ° f thC tW ° 1,lkes place wh ' ch 
moment, and a decrense of rcWvii^?!? ' °. n unejI P«ctetJly nigh dipole 
contains a chiral centre, there irobserved an Sn ° T1 . y .f riDup - If ,hc a *nmo ketone 
efTcc, in the region of 3« nm (C^O^ZS ° f lht CoMo « 

to give ammonium carbonvr 11 ? 1 " fA) pr0t0naicd 

dLtappeais in some tases prerumab.y due K c ' 0 ™ ^ 
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^84 Stereochemistry 

i 

irss;: d e,oop r ™^ ii ™- * *• 

followed**by add^takS 10 ^*™ 06 tUXXVt) on oaidaiion with pcrformic acid 
nfTrtrris ^ -catalysed nng opening of ibe protnnatfd epoxide (LXXVTJi 

rarnnlv 3 of P r0ducls including cydodccanc-Isd-diol (LXXYIII) which 

SSvSv^^ssxsssS 

sariiaasSSsSyMs; 

!=»jrasia 3 :StSf ?5 

SSrsSSs 

:=££S:~ 3 ™~™ 

miih,i ^ Sl1 cjxiiKlccjl losylaic wilh hMkil carhnn (*) fj XXIX) fReurp 

Sr^r-' a : xxx> - <™» ** 

P c- ? , ' k *. d showing th.n iransannufar boride Irwuftr has occurred 

(LxSS y, c , .r ni ;^ n " relrophilic >,,lli,io, > r ««™> Of dKyclod^t 
Lv,"’ 1c ° “-''Wihramocyckidoaiic aXXXMl) fFfcone iftjlcj. The 

W ’ lfb 3 'VdicbmnDnium ion «rtf 6r mads on ,„ c 

ss^^ froup 0 f . „*„£ r: ;= 

rL Ql “"“P"™ “ obsmcd q«o- 

J 0.6,6 karge ring compounds 

temhimm^ °!' iW , ,arEC rin S compounds, cyelododccMc is solid ai room 
lemptmure and i(s conform sl ion has boon smdied by X-ray cmrXnnZ 

oTr™ T' T’ ,s *!»««' »y sthemalic iX™ 

icaoiy howevef ihsfonl^" cyci ? d ‘ y,cane - conformational in forma (ion is rather 
seamy* Powem, the following points arc imports m 

C-C Snds^r 3 7 7“” “° re nclible and btCa "“ 0f fr “ rou >™ »b0W 

ids, rtae fornul dishnction between cis and inns isomer^ in dt- and 
polysubsLtuled molecules disappears. ^ m 01 * nd 

daw I' ( "' 7' n,Dl . <:c “ lts in *” y *6*= coafornuiion, ]R sp«lnl 

2®“, ?" Ilr *« ™P “* “> conformalions similar lo the arrangemem 

buwne onteTa *r ' p '“ ' *' M-. Tlris means ,h„ m J£Z 

conforma,ior. Jn— * n| k" t, J. col ' fornu no!B bu, since i compleiely zis-uc 

•SSn rihtl J*™ 11 nn * **"“'*«• “■«* d>»a eaiat n few gauche 

butanes which will turn (be chain into a square or a netatiftr. 
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figure 10.31 Some iriiuieeuLircbemicftl reaction 
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Ftj?ur* 10 H 32 SEruciurr of cycluJddecinc 

3, It is now generally accepted thm ihc large rings (20-mcmbcrcd and up) form 
rectangles with two large jig-iag carbon chains parallel (o each other (as in 
paraffins) instead of squares which would leave a large intraanrcular hole. The 
latter would prevent intramolecular (also intcmolecular) dose packing thus 
reducing favourable van der Waals at tract ion. 

4. The rectangular shape of the large rings necessitates dial at least eight gauche 
butane units (at four corners) are present compared (□ sis in cyclohexane. The 
enthalpies of Ihc large ring compounds per meihylene group arc ihus slightly lower 
than that of cyclohexane ns proved experimenlally for the 17-mcmbered ring. In 
acyclic chains, a favourable entropy term increases the number of gauche butane 
units but the Tree energies arc minimised, 

10.6.7 Rings with multiple double bonds 


The smallest cycJicdienc is cytlobutndiene<I .XXXV])(rfjwrc w.33) which inspite 
of the conjugated double bunds is loo unstable to exist in free xmic but lias been 
isolated as a silver nitrate complex and also using (he matrix technique at low 
temperature. According to Hliekers pile (see below), cj'dobutadicnc is antiaromatic. 
Cydopentadiene (LXXXVII) is quite stable with a more or less planar con¬ 
formation. The derived anion (LXXXVIII) which contains 6rr electrons in a 
planar cyclic system possesses aromatic character (and so is relatively stable) 
according to Hucitcl's rule which states that if a planar monocyclic arrangement of 
trigonal atoms each contributing a p-orbilal lo the resultant rr-system possesses 
(4n + 2) tt electronsfn t«j'ng an integer), it pins extra Ma hi lisa lion and the system 
is known as aromatic. If suefl a planar arrangement contains 4n rr electrons, it is 
rcklivcly unstable and is called n neuroma tin 

iloth 1,3- and U-cydnhexadicnes arc known, the kilter existing .is a flattened 
boat form (LXXXIX). Cydoheptalrienc is non-planar having boat-like con- 
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Fipnr 10.33 Jtinfs wiih two >nd Ihirt deublr hondi 

formniions (XC) in which the iwo a Hylic hydrogens fire non-equivalent ;but 
interchangeable by ring inversion. ‘li-NMR spectrum or eyebheptatKent-7-4 
shows a ring inversion (XCa-'XCb) barrier of 23.8 kJ mol" 1 at 120.6 K [the 
dceofllesccnce temperature, sec Oki 1984), Harrier: to conformational change in 
cyclohcpmdicnyf systems have not been studied. 

The e/r.c/j-J .3-<ind cr.f.m-1.4-cyclooeta dienes have nomplanar con forma l inns, 
and both of Ihcm show a harrier to ring inversion of approximately 33.5 fc J mol"* 
at — JtHl^C. Two intmoimriihk 1 e< informations, a rdnlivdy rr/'itl hoat-cnarr fXC/.i) 
and a mobile I wist-bon/ fXCIh) arc suggested fur rixrix- 1,4-cycl < x *'l,nIienc from 
fofir-flcld caleiilnliojis. A twist-hoiii eon for [nation fXt’II) luts uLso ton suggested 
for r«;<■«-1.5-cyclot>L’tadicne. Jn contrast, dJlwnzo-KS-cydoocIndienc is known to 
ciist in a chair fXCIIln) and a boat fXCNIb) conformation with .IGt fchair to 
boat) of 42.6 kJ mol -1 at-72° and AG : (boat to boat) of 3f.45 hJ mol" 1 at 
-If 5° C 

Cyclone diet men c fan antiaromatic (S]annuJenc) presents some interesting 
Matures: 

(0 Electron diffraction experiments indicate a non-ptonar tub (or boat) form (as 
XCIVa) (Figure 10.34) trt which the bonds are localised (geometrical parameters 
shown). The non-planar conformation not only minimises angle strain but also 
noids anliaromaliciiy of a 4n it electron system. 

Hi) Ring inversion (RI) (tub to tub) takes place presumably through a transition 
i^re resembling the planar structures with Ah symmetry. For substituted cydo* 
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2SS Stereochemistry 

raccmlsnrion: XCfV^lnd XCJVVarc unmio ^ ^T' h *™°* lcad ? 10 

1 nu AUVa arc enantiomers and so arc XCVa and XCW 

fiw) v aknce isomerisation also proceeds simultaneously civino two M U inn „ : 

*>* 3 « "W*** for sofeliM'd cyclooc4<«r^« xav^ 

XCV> arc tautomers. Valence isomerisnhon or bond shin fRS) rmurn n ‘ 

xaS* X? T** p, " Wy LtrJ 

(for on exetpnon. see Pzquen" ^dWanp^Sa)"' {tnCra '' '” 5h " Ihln ,h: " of RI 

The free energies of nciivntion of Imlb III w iiq 
^ rnofned by Ann, (lsw) by 
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F>ieiirc JC.il ftidp inversion find bond shift mcyctextaietnnie 


-ad Ihr two plian/toU ilirr» T ‘"T * P toflirii **« 

•ml whrihcr lh e "T* " ,I W# " p ,<WH Nvr ,fk ™ 1 *"■'«> 

Mm lhe tiihlr tub bums *iili Incised bond!/. . (>nrffln ,IMMme < P fih *n *¥*-*11*. 

4 XCVK the rcaaltanMn !e ^ ^^ ^ ar ^CIV 

place before The nuclei can rttirainiMr Ln ™ nttlT “ tl,lf * c net nr a non energy. Ring inversion tikes 
only after the nncfeir KOrnnkarian t* r ° CWfflJ1 Pon ' 1 shi ^‘ ho '* c «’ r - an u»ke place 

(Me llm C,rey end Sandbjrg j^fi) ^ " f *“ 3 fln[ “ ,[1rn:,l ' c fCXIV.CXV) 
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m cl hylcIhyI Jcydouttalet racnc-3.4,5.6 ,7,8-dt (XCIV and XCV) Rond shift in 
accompanied with the change of H A and Hr proto» JierS Sfinwln 
cads fo the exchange of the two dipstereotopic Me groups. Low temperature NMR 

IftfFuiM !l Bt ‘ h u TOa ! CS f fncc of,hc mcl ^ Sl ^ a| s pln« earlier (it-2°C 
si 60 Ml z) than that of the eldinic protons (at 4I e Cj which gives values fol 

“ kJ mDl Ul “ 2 ° C > 72.7 U mof (at 4|°Q 

™ e nn ™ Ie ™ « (lOJannulcnc, cydodrapentaenc which with live 

double bonds and ten rr electrons can be aromatic according ro Hiidrel’s role The 

,°i“T Cr W /' Ch Wn ad ° pl a pIanar COnn B^ation with minimal strain a the 
tTBnwJfvwtsxis-ptntocnc but even this suffers from a sewre non-oonded 
inieraction between the two miraannuiar H's (shown in XCVJ) (Figure 10.35). ft 
juries therefore, a non-planar structure and thus cannot have aromatic character 

^“'? e d .b ™k.«i hy in.r«i ua „ 7 r^ « to 

xevn, a diamagnetic nng current is observed in NMR spectrum characteristic or 
™?' chrf " *■"»''“« *« known . „d nrtvnalic “no“«“ t 

==K=£Si 

vis and (rads double bandT*™ planar 411(1 “ n accommodate both 



fXCVl) 



nviniteS T^cflOj »od f J{] jinnulcnts 


PS 


■ * 7 Conformational analysis of heterocycl 
=^pond,„6 aiicycles .c toe «<en, toe gcome.ry of ,h= nop by toe 
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t 71 * <HII S? 5lruc,ural larameten (hat are affected are bond l C n r ~ 

rV'V C 'S WherI X *" d Y «* l>='«™ion«). bond angles (&£ 
" ni ™ n dCT Waals "<•» tCH, versus X and Y). The vafucs of th£ 
BEK?. ° r TOmmon he,era »"»» *'<>"! with those of carbon are give nir 


Table 10.7 Rond IcnfUK bond flfiqfcs. nn<I van tlrr WaaK radii 

JlrlcroaEom fXJ 

Bond knpih fC-X) 

Bf’nd anplc fC-X-C) 

van ifer Waal* ra jii ’ 

Uf." 

N 

a 

s 


pm ft'-Cj 
ns pm 

142 pm 

IHt pm 

N,1 n (C-C-C) 

\12* 

lit? 

Idfr 1 

200 pm ffew Cll l 
l>'0 pm 

Mfl pm 

IH^ pm 


£ topic • AT 

975! „tT CW 2r "? IC5 ,i Elic ' l972 ' 1 - 1mbcrt IWI. Lambert and 
1975), .ind monographs (Armnrcgo 1977, Riddell 1980), 

10*7.1 Th ree-membe red hetfi recycles 

In contrast to cyclopropane derivatives which have rigid planar structures three 
solpliojidcs), can undergo configurariona! changes through pyramidal inversion 

2™25 u m c or e foNTr 1H~: n *&* ~ 

for uiriflinf' -inrf i ^ m ° r for WciW - as determined by 1R), those 

for iizindmc and its derivatives arc usually much higher. Thus for aziridinc itself 

s.r,:: d 'TT d s « 

fsTrihed ta h- ““ pcra ! u, '> ,s 724 ki tool-' at 6*C The relatively high barrier 
h, 8 h| y Jlrain cd transition stale involving an sp ! hybridised nilrocen 
(fo rwh.ch .he normal valency angle is 120") constrained to an end«ycl 3 

Stt'r™™* 1 * 60 ° M " ,e Dorraat bond anefe is increased in pasrinj f,™ 

SSa^wwirrS 

whidttaS:C p in^ d ( R = Hor“ k n yS n, °' e 

2-r-naphihylnjjndiiics exist pr'e uhlr,^ T K 
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= El :61.3 
fl a i'-Bu:7j.2 
R * Ph:49.0 


'W nicf 



■r 


■N-M* 

34,3 fcj 


£p 

35,1 hj (Dflfl 


Ma 
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3^.3 Ji J mpf^l 


o* 

|j rti 0 p"J 


- •, „ ( ™ MJ ^> frjpmcnts *dn, rf ™ Bhn , r , f “-"MR) or in ihc 
sjn lo N-R arc relatively shielded Jl* / b ^ cn ° rihc foci Ih.nf 2.Jr and 

^ N-M* > W-a> NV-P, > N.^ ' “'"" "f >“**"* *c™.- 4 l. «3 





%», IM7 s™, >UIJ , illWKmm rf ^. iCT 

“■?*»££?? £■ Stj; £ •** o’ 

—- suit compression. The barrier „ nouhivmd.^S pr “ ll ' mbl > because of 
-..■I. or arboalkosyl (see vnlurs in Rpnre Uljfif ^ * l “* ,hc ^tsrinienl is 

J 3 b»- T bmi « 10 •»■«■*■ *— 

~ ;‘—ivs(lr,n uoromrttiyl) uindjne (d),', .'“ "JT" 1 ls pos3lblc - "i^us J- 
“7" ,d loes not invert even „ ^ ccnformalionally 

r cl «tron^ativc substituents is seen in four m'r?' fJ,Crpase >" barner 

^ and * presumabJv due to enhanced iv^-h* d Jw-mcmbered hetrra- 
J Appropriate solvent; rubi7i« Vhe 12 

fe^ind/pr sofvalion and ihus fnereasf the e w»!T K COn . for P ieis ^"SDgh H- 
relilivc W 1 "™ of the con/ormer, mn/Ito ” 
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292 Stereochemistry 

JO.7.2 Four find five-membered belcrocyclts 

Four-membcrcd hrlcrocyclK (CH, X= NIL O, S. SJtf, etc.) (Figure fOJR) or 
underpin nag inversion (CIh to CJfb> ns in cycfobuinnc as well as pyramidal 
inversion. Become of their low molecular weights and appreciable dipole momenta 
tlicsc heierocydcs can be studied by microwave spectroscopy. The ring rove re to- 
process is accompanied with low free energy or activation (Moriittly 1974): 5.2S 
kJ mol for azclidinc (Ctl, X“ NM), 0.4 kJ moJ~ J for oxetanc (Cfl, X—O). 3.14 
kJ mnl far thic tone (CIJ, X = S), and 5.28 kJ mol" 1 for siJctanc (C7T. X = SilM 
as jiiramsl 6.2 k.J mol for eyclohulnru-. 



(CHo) 


(CJIb) 


icim 


(CJVJ 


Figure 10JS Four, five, and seven-rtirmbered hcterecycfa 


Five-membered hcterocydcssuchiis letmhydrofiir.iri and pyrrolidine pscudorotitc 
among the various half-chair and envelope forms (which may Lick O and C 
symmetry due to the presence of the heteroatom) just as cydopentanc, Hire 
inversion in five-membered hetcrocydes is, therefore, loo rapid to be studied by 
NMR However, the pyramidal inversion is much slower and may be studied by 
low temperature NMR. As already stated, electronegative subsrituents increase the 
energy barrier in four- and five-membered Jiclcrocydcs also. Thus the free energy of 
N-iaversion in N-meihylaietidine is 41.8 kJ mol 1 which is increased to 56J kJ 
mol in N-chloroa acridine. Similarly, the free energies of activation in N- 
mclhylpyrTolidinc-ii (CUT) and in N-chloropyrrofidine arc 34.7 and 43.] kJ mof’ 
respectively The same (rend is maintained in seven-membered N-hctcrocyclcs 
(azepins), N-merhylarepin and N-cMoroaicpin (as CIV) show energy barriers of 
28.5 and 37.7 kJ mol respectively. 

10.7.3 Sfx-membered hcferoeyclcs 

The ctinibrmanan of six-membercd hcicrocyclcs, particularly those containing N 
and O atoms is of special interest because of the existence of these ring systems in 
natural products: piperidine in alkaloids and tetrahydropyran in sugars. Nitrogen in 
pipendine and oxygen in letrahydropyran arc considered to be sp* hybridised the 
lone pairs of electrons (one on N and (wo on O) replacing (be missing substituents. 
The important conformational features of these two ring systems along with a few 
related hctcrecycles arc briefly discussed. 

I . Moleruhir geometry. The six- mu inhered N nml O fjilvi S) firierocydrs 
almost exclusively in chair tonfr>rmnlion which tui* licrn proved for pijicritlinc 
derivatives by X*ray crystallography and for tetrahydropyrnn derivatives by 
microwave spectroscopy. In piperidine, the ring torsion angles (53-56°) are very 
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?™?f r !« £“! in £ y dol '**»s- Because of somewhat shorter C-O and C-N ton* 

Svlif ° fpipCridiw ■»* “'"Mropyran are 

.(Tcn ofZTowcrSs ^ < ’ h “" ,C " h ' ch h ” ,! <> ■'»= Tor thiane since the 
tm f C_S b d “ COmpcnM[ed *»* thc smafler C-S-C bond angle (a 

Chapter*#) ZhiJb ^ HaS ? evd °J* d 3 mcthod t*wd on Karpjus equation fiee 
chXf !I y t t ? d ?! U * ,hC nAlurC ° f the *"B siructurc (Lit or aSS 
r “intii a * memb *rccf hcicrocycles. Karpfus CQuaiion frhown below) fr di'flTculi 

for difforent“ nk ™* n vfl "< * is different 

MIC ra.«X„/J.a k used. the conalan, cancel, nut F i„n F . R-vlea, 

J (cis or (raos) — A cos 1 0 f or A cosfy 

H — {t niB _ A COS 2 Q l _ cos 1 Q t 


di 


A cos’d, cos’ft 


—‘ piperidine and fetmtiydropyran The boat form ic nn ■ , 

^ and UU,■ 2 ° U ™ r ' 

Bmliv h* k ln *ci5]ort. Torsional interactions alone X-X or X Y hnnH 

vf y . higher than those along C-C bond but are leZfw tx iL^f lT 

ccccrocydfc ^systems' fTable'f im A< ^fvadon for inversion of different 

r^th^ tteiSdfote cyc ! 0 - eJane ' ring iBKK ™ **«• 

^; hag b “*' fc ^ ^ ZZuCfoetgZThe 0 ”^ 

F ree energy of action for ring fovenfon ofes-n^bem. ht(erKycfej . 


lyiiem 
- -icieunc 

^'nijdnopymj (oiuk) 


iOf ftj aiol' J l 


->D)kjJt3x 

^^Tfluomne 


*X2 

416 

39.5 
37.7 

40.6 


T PQ 


-67,0 

-62.3 

-50.0 

-93.0 


* JjC ’ 31:33 rix>m Limlfrr inJ Frmticrnuiii fl 975 ) 


- Ster - ofC,, '- CH - c — • ~ - SSSKTU «. ,3. .„, 29.o 
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(Table lO.TUhl "^.' ' of ^Ornewhat shorter C-0 end C-N bonds 

ilighily more puckered than cyc\6h c ^t whlh"> ah * * dropyra 5! arc "Peeled to be 
^ or Ike longer C-S bond ./con £&&£% * £ 

Chapter 8) whfdi Indira„'e onh??f based on Kftrpfus equation (see 
chair) 0 r sis-mem be red hcterocyclcs Kami n , *: structure (chair or deformed 

.henn^nr^K^K 

- * -■-—=rxrrsr M 

J (cis or trans) = A eos ! 6 r or A eos’fl, 

R - jLux - __ coji $I 



A cos J d f 


ros : ft. 


KSSSSssst*jra"”*“■—. m> «, 

j.Kaa= 3 sssSS.T«£l fc 

dually higher than those aloeg rC bo^'b^""" 5 ,”' 0 "^^ ° r XY bon * are 
«?f«t is reflected in the free eneL of a «LT 1 ”' 0 “ S CX bond > t - ™e 
heterocyclic ring systems (Table IOS) As in crelnh f “ ' n '? raon of Cerent 

flace through the intermediate twist-^r fori ^ nnE i ” v< ™ 0 " hikes 

s aions bonds ' *• ^ 

+ 

Table ^.g Free energy of activation for ring tnrerrion of d« toeiW . 


Ring jyjidi) 

CycEobcxiQe 
Pfperfdinc 

Trtrah^ropynn fejare) 

Triune 

IJ-PiOianc 

l^nS-Tciraoxane 


ACT fkj mo r'} 


43.2 

43.6 
39.8 

37.7 
40.6 

62.8 


T CC ) 

-42,5 
-800 
-53.0 


^ly taken from Lamhen 10 d Fnlh „ n „ ' *- 

Jr*- «■"' r>el.»hr«.nc <»«-!,„, ,m , n 
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294 Stereochemistry 

3. Pyramidal inversion. The conformational analysis ofsix-membered heterev 
cyd« is complicated by the fact that ring inversion and pyramidal invasion r* 
side by side and arc often competitive. In pcncriil. ring mwnaon n slower ihir 
pyramidal mvcrsron. Tor piperidine itself, llic two inversions bring about the sam- 
oon formations! changes: N-K io mi and vice versa. For letrahydropyran/bo* 
i c processes arc degenerate isomerisation (as in cydnheinne). Inversion at O r 
imiwcciiicnliiil in any case since it mladranges llic pnsita of llic two lone mi* ,i 
electrons on y.The difference in ring inversion and pyramidal inversion can be seer - 
Wime hyipipcridine (Figure 10.39). Ring inversion (R[) leads to conformation 
isomci^ the configuration (ds and irans) remains unaltered, On the other hir J 

g“ « e TJ rl) C ° nVmS ' * iSOm " '" ,0 “ ,rans «»<! vice ,m. 

■. V7 R a " d " “ cur «mcomHan.ly ai ambient temperature, an equrlibriu- 
l-“h C . ,? T 0 " 8 lh “ foal ' “ nformrr5 sho "'i- Since in conformational analwk 

niL^H rtJ teM| l , ' SheS <he 1 ™ ch!, ”' sms wh icll bnne ‘he conformational chan- 
provided they are low energy processes, a change in definition of confomalion’s 



FiBu™ 10.39 JlFne invcnti* pnd pyramidal interim in pipcrfdbe 
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? *» coordinate cenlre in te ZT^ JrZ ^ ^ * 

mn c this definition is followed f n (hi* tcjtt a W 

conformation and a conformer the former referring i '* "* rciaincd ***vm a 

by the definition and the latter referring on iv ioTJ? a ?* arr ” "lament permitted 
Coniine back in n '„ & r ™crnne only to energy minima ones. 

hesahydro-i^^ “ d '“version, 1,3,5-trimclhyl- 

the two pn^ K , ! " "" ,n,crcs, '"$ »)mpi c i n 

\' mc -nd as „ reXXX £ Z; ^ ** F “ l ™ thtf NMR 
■"vrrsm,,) fln J m. flrr thr lllfn , < ' .* * t ** *™. n ™ hmf "'" s to N- 

shows a time-averaped tpm „ wiih two ^n^/^ ,1,c NM « 

tempera lure is lowered, rine fnvmfon |L™ U . ^ ,I|C ra[l ° 3:2 As ihe 

' hc C ' J ' P'otoru as an AH-quartc[ wtal^cini: aPs" C5 ‘ ch<lni ' c JlWl lowing 
5 (the three Me’ 5 remain siill kl^lf COrr f pondin e <0 a AG*j,i or 
’I40C, the methyl sicn ik are reeni * 1 ■ «hronoin). Ai temperature below 

«**» * n,; ° ° r >* 
the molecules atc frown into ihe <r „i,p AB ^ uartets m thc ume ratio). Evidently 
j*e ami (the dl-eqmtorial oonfo.mer ^rihSL^M 0 M * ^ Jai0ri:iJ and 
by senoos dectrtwtalic or other intemetfon J tt? y , onc pa,R ls desiabiltscd 

"****• is - ,23 ° c a agIn SJSSiTO" for 


Me 


\ 


Me 




-Me 


R.I 


' h A 


n B 
AG * 



.Me 


=& 54.5 hj mol -1 


Me 


Pf 


Me^ 


Me J 


■'X 


-Me p l 


{CVo) 


ECVb) 



fCVa) 


fiG *=s 30.0 fcj mol -1 


, M «, IM. * 

■MocmbcJS hctcra:yda!7ic^.^^ i i"““^J‘' ck J' n '’ l! of ,hc chilir tom in 

-^ncs is expected io increase However in tin* h r 00 hctw *? n *PP ro prime sut>- 
- H ^ are replaced by ,onc ^ 
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206 Stereochemistry 

bulky. This reduces (he non-bonded 1,3-diaml interactions considerably in the 
heicrocyclcs compared lo cyclohexane, ITiis is illustralcd in cij- 2-methyl-5-f-btit\l- 
WU (Fi ^ 10-41) which eon piCferemially in the conformal ion 
(CVIb) with the bulky/-Du group axial {Elid ami Knoebner I96H). f n addition, 
Inc decreased C-0 bond length in 1,3-dioxane ring brings the axial 2-Mc closer to 
the synaxinl ITs at C*4and C*6 destabilising the conformation (CVIa). 




fCVlA) 


(CVlb) fc VII1 

C0.41 Con/omuitonal pndtirnct in U^ioiranci 


. 5. Intramolecular ((-bonding. The ring heieraatoms may be inrahed in forming 

, H ' b0 " ds 0“ or "lore OH (or NR.) groups present in the 
molecule thereby affecting ihe conformational situation. Thus 5-hvdroxv-l 3- 

f’°” riC f ^ V f JI) fF 'f“ re 10.41) exists in the preferred conformation with OH axial 

7 1 * b ? nd T th thC f ’ ng ° a,on35 - 7116 cfrcc1 of solv ation of ring 

aliersT? 7 ° r ^'"molecular ll-bonds with appropriate .solvents also 

alters ihe conformational equilibrium. 

cn—! , - nCntf ' A lA u Imi1 ' forwnrimwtifnml fr<v 

' . ■ . . f' l f >en jJ inc was arrived m from the measurement'; of dipole 

momem which has now been replaced by a much higher value riO.S-l2.fTkJ 

, ' 7 * ,’ V ‘?' np * ! ,, ’ vrl (rdnin.fi'W'in,' nuHiodt llu- rii.-Ehtul (n,,wh y u .1 

tJ)— ° , '' lnx l J" 0n l' N-melhylpipc-riilfne (vapour or solution in a wirier- 
Z n T? Ml 7 nt) W " h 41 Ar,W, ^^ roti r t*' that ring inversion is prevenli'tll on lo 
° ( 3 T' VOla " lc ,nof ^uic add. Since the reaction is effectively 
f“ T retcnllDn of configuration. and is fasier than ^inversion, the 
ratio of the iwo diastcreomenc piperidimum salt*; (determined by NMR) con«- 
ponds lo the ralio of the .wo conform™ in ihe original equilibrium tough. 2” 

mrt-; ,n rre Tr. »" d - C ' X ' F * U " ,W2 > W *<#*' S || J U 
, L°. r of N ' Mc 15 rall °uabsed on the basis of the shorter C.N bond 
which hongs, . N-Jfe Noser ,n the a,in, H's „ 0-3 and rTl,,I“ 

I M . L |IIKld 81 C ' 3 "" ,l *■'* ls . .tolly less ((O U null '| which is 

™n form o' "V? ' ^ ' ltKracc ° r onc syMsial H as shown in structure CX. The 
ronformnunna 1 free energy of Mo at C-I is again slightly higher (8.3 kJ mol 'l 

“ PmChmJ ' in ° f C ' 2 "* C ' 6 >“« ° f puckering 

pia “ ddifrc,cn ' nosiiions ° r 

2-Me t 11.97 kJ mol" 1 ; 3-Me. 5.9S kJ mol" 1 ; 4-Me, 3.16 kJ mol' 1 
(Temperamm range : I6J-1S3 K; solvent: CD ; Clj). 

7* ^’llrogen lone pair in piperidine. There h.ts been some conlrnvcrcy regarding 
Ihe conformational preference of the lone electron pair and |[ at N in piperidine. 
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,K, 


'Me Pi 




"«"* eI . 

(C v "l| ( 

ICIXl , (CX) 

-4g nv« = u.3 Union 1 _ aG - . 

3-Me' E - 3 kJ im>l 

Up,* n.„ r, M „« TiKri Mt k 

“PP«i wmk 

^-^^w^wssfaaas 

iaicrowave spectrum of piperidine (vapour n i„>^ d< ”!* 15 “/« IJ *n« : (0 The 
of N-It (fittij flnd mh (4Q%) fom^ar l^CanTh*^' ? lCl1 acc ^ ,ibf >™ 

chlorophcDylpipendme men [h™rh^ w it * ** 7“ dlpole m0fnent of 4 -p- 
approximately 2.2 tJ m 0 ]* m m MR OODfornwr 15 “*»* stable by 

whibit two conrormm -t- 172 ^ 555 m «^ Cmcn(a ■' low rempcr.ti.re 
favour of the N-H, form. ° f 15 tJ ■*' 

J£S2snr- - ^--«S^K^ 

-“s,s , ^Ksrsta“n“. fc T.-“ —». 

MiJKmin* NMR from the relative shield rn. ^1^ . h “ bttn 1“™' by low 
IRsptt.ni of piperidine. N- mc thylni~ridin/ nd a,t " "' ,rs *' ,d by 
OtBcvadonorUohlm.nn bonds. r„ 'hTmR ihrT.- M' , ' b “' ,lpi r*riJinc by ,he 
■he *djeeeoi mi,! lrs (ca o s * rr^ralhl. .!. ^ P “, lf ’ h!elllj Iel *tf«ly 
7™"" P «*ui with .he raiL Sfe ? f ' hc of 

As n result, the already tipfirld ^hifi „r an w ^ planar lo II 

cr]Ujiloriot H ft inert,sed .n ™pnn,", m, clv n ° V 1 ™* Wi,h "*«<° « 
FOrtimar M s a \ „. C . Tliis t.nfiu L f ,.,7r! T, *’ l ? pm ‘ LC - ^^\.Q ppm fc r 
piperidines fUmhcri and Kc*kc 1‘JfiAi T l,sc,Vwl for N ’ M « and N-f-Dj 

N-altyl groups, K k * 6> «« equatorial disposition of 

inai*itol l rtri , o t 'w 'r n 2700 ‘ 2s0 ° cm '‘ “ >rt 

which is poajbie 0B| |7 1|){ , a ;P* P ™e »djiceiit H („i,|) 

>mi|»r'pl«narfoneii&2ind Ihc olhclr ^ y - 0 rS" d ; UsulII V' lw » such 

bands, “* ® h " “ C ' 6 > «“l M's give sirong Bohlnann 


10 . 7,4 ^rereoclec Ironic effens in hcltrocydes 

eJedtonic Scfl in'I 1 ‘ bc . tin P m:l 7 P'™ ™c lo sicreo- 
m*™> csca wh«:h cons, den hi y sfr«ls lhe confornedcTl 
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29S Stereochemistry 

I" ha ? nc ^ i f compounds. The n Homeric clTcct is one such effect 
owerved long lime buck in pyrinosc sugars and their derivatives. Tbe effect is 

lSr!u?L Cllra orientation of an electmncffitivr 

*"™ Cnl . nl the anomenc carbon over and nhnvr tlint normally wprrtrd Trom ils 
conformntionnl free C uer r y (see Paulsen I97S and Kirby 1983 for review) A f, w 

S^o’r (Jtiomciiation which is an epimerisa.ion 

JJ f- ., , CX n< J ^ X ! f fFl P lire 10-43). The annmeiie effect is quaniilalively 
tie fined as the sum of (he free energy difference H>r the ^inJihmim in Hpirr 10 43 
nnd the con^nmnum:, free energy n| the ltll ,„, lX » „, eyeMiLne, Lr’.. 
J nsMimiiig Ihdllliu Inner value remains mtulEvreil in llie hrtrmevi'lrc, (which 

D^dupolv? n rr nfaitiri! in ihc r^iurlihriuni nf ire r.n- 17*1 cetyl- 

JSJ Cl, '°" dc ^ ™!'y) corresponds to a free energy difference of 7.3 kJ 

* i ; C J IS 18 meA wh ' cl1 maltcs lhe anomcric effect of G 

onwo kJ m0 l- ' A ** charac,crislics of Lhe anomeric effect and one 

or mo related effects are discussed below followed by a rationalisation of the facts. 



R X % of CX I 

H OH 3e|2S‘C in H 2 OJ 
M 0M« 67I25*C InMeOHl 
Ac OAc 66 (£S*C in AcOH J 
Ac Cl 94 125*0 in MeCN> 


rifuiv 10.JJ Anojncric diet! in pyrino^c suyan 

1. Ring syslem and anomcric efTed, Although lelnhydropyran and pynnosc 
derivatives have been widely investigated for the anomcric effect, other ring 

MhflriUhc^ffect* 5IMC< I,3_d ™ nc “ 4nd raiatll>5C fo a lesser extent) are known lo 

Z* anomcric efrcCl ***"* Vcr * much on the 

naiure of the clcctronegattvc substituents. The magnitude of the anomcric effect 
decreases m the following order; 


Halogens > PhCO; > AcO> Ac$ > RO > RS > HO > Nil? > COpM c > N* 

In fact, for compound, fas CXI and CXII) will, N-pyritlinintn for X. Ihc anomcric 


"l'.'. ; r! V ! ' ■'* nw lw™iapnBl n IU 1 , 1 1 11 i I 1 11 in an .1 Iim.'i in C>;| 11 ,. *( ■ 

Z ™' C-I and c-l down) I, .Obii™, h , ,h e „ rf[ItKe x lnJ ' 
prcrcirnve for lire other latnlituran In CXII. the two radon crime each other In fact m in-t) 

gsres ssi '• cxN ,- ?*** * “)• ^ X «"r 


nncra-AkMhh. -=in—!- 
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Confommfom c/QW/r 4 mm . : MamrKe Ccmpmndj m 

‘'I »pa« cccupii'n^bulV This "k k'^wn'" 'I'l'"' popi,l-1lc ' J °“ n **P«cled from 
chiimcterfcifc of sShsliHicni? Iftirii, ,Mn ".I ^ rCVCR . C nn ? me r ric eTCect an d is 

«nn W1 ( Rir „^ 1- ^“" fc “ 10 """™ r thic„H,,„ p, kWvc 

_i E n , «l«r talk. 1,1 llw <n »- ,.r nn alW ,ui. . 1 

Pr - **■ ,o '- nu > ta 

in mrepc”iVTlS'su^B eiwimuifc'im'c^ ""“"“T efrc “ “ ,<mcr 
contributor to the uomeric c(Tca C ™'° n « >«* « » minor 

chenECd from w„ to an organic one, " Prerautimt when solvent is 

leiahyiJropjTTin nclunllj' m'ciinwlip nrnf7 ° f ' ^’“'"titocm (“ OR) in 
QtM&o for ' ** «"'"™tion of a* 

<££?!”««~cxrv “7 rr is ,iso “^ *» «aS5 

equatorial nnd nxhl 7mm oi CXiVr 7" c, f* r,nl ™ ul lr ™nficd both for 
from the ring (as shol? t, ,, M ? C re " s<,ns ' ac bond move aura, 
preference fe, mC '”“ IC Md !l “ 

formula R-X-C-V k.r J. IfT?. a cerbon-b eieronlom bond in the general 
nnd Eliel 1972). generalised nnomenc elTect (Lemicux 1971 



RfunlD.44 Eli>-| nmnciicIftdtSfwhfcMOOMlfccfTccu 

very much pmfetmd o”r ' " ,a - n,f "™K>«>vi.iive CCXV) is 

interserions of the lxial OMe with d-H andT^I" spi,c nf Ihc racl ‘"a 1 Ihe synaxial 
chiir form of MefoMnc ve, 3’ « v «* due to a puckered 

clTca , in Cliaprer 9 which prefen a'™ 1 )'* bees i» .1 •gauche 

polar groups arc gauche to each other ‘L 0 ! 1 ":’ 1 '™' ■" ' v *“ch Ihc lone pair and/or 

end .lie nor «em 7“ " ”n s«,e™7 K “ klWlv " " s ' nl,rMi «' ^..chc elTect 

(Fiflire 10 /m ri ■ ■ . n * llf1Wir Vi innmeric rfTcci Thus f r Cxvr 

!S, 2 S : :i a " h r h ^^32 

tone pair is gaucheT^Mta,’^ confonner, only one oxygen 

OC1 bond hring placed in be lwcen the %?£££ X%tZT^' 

•osed lone R ir is (near u - a f ‘" r ort,,ul > 11 *Mi|wirl«nir to me C-C? ton* ihc 
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300 S(c re och emis try 

A common explanation of both the effects bis been suggested as follows. The 
systems which show (he aoomeric and ftiiuche rfferia have always n non-hooding 
lone pair a itiipcri planar to the polar C-X hnml r A Mcimrlnimnie factor is thus 
clearly indicated. It may be accepted lhat the major contribution to the a no meric 
cITcct (and Also to (he fnuehc efWl) come*; from lire inkrnUinn or ihe p orbital or 
Ihc hderciainm (i.e. T oxygen) with the iiiiihomtiiij; , t pibilnl uf C-X hrirul (r 
interaction as shown in CXV[), its magnitude; dcpending on the donor capacity nf 
llie hr i cron lorn and ibc acceptor capacity of the C-X bond (Kirby 1983), [n 
valencv bond concept it is a case of resonance involving a double bond between O 
and C-2 and no bond between C-2 and X which, if correct, predicts a shorter bond 
length for C-0 and a longer bond length for C-X. This has been expert menially 
verified {X-ray crystallography) in appropriate compounds* 



fexvn" 


(CXVIla) 


(CXVilb) 


flpm 10.45 Scirodctlionie and eTreimaitie fincm in Homeric cfTm 


Dipole-djpolc interaction also contributes (to a minor extent) to Ibe anomeric 
effect (sec its so} vent dependenceX The equatorial form (CXVlfk) with praJJd 
dipofes ts destabilised with resp ect to (he aim/ form (CXVJfa) fn w hich the two 
dipoles arc divergent. In the case of pyridinium-type substituents, the attractive 
interaction of the dipoles cooperates with the high conformational energy of ibe 
substituent giving the Ve verse* anomeric effect. 

8. Rabbit-ear effect. In 13'Dihelerocyclcs such as tetrnhydro-l.i-oxazine 
(CXV1II) (Figure 10.46a), Ihe conformal inn in which ihe two lone pairs are syti- 
1,3-dinxinl (CXVTTli) is deslabilised wiih respect lo ihe olher con former (CXVIITb), 
Til is was known as the Vabbil-car cffccl’ for ohvinat reason. This effect, however, 
may be regarded as nothing but an cndo-anomcric effect, explained by stabilising 
overlap between the p orbital of N and the untibondieg orbital nf Ihc endo C-O 
bond which are amipcriplarmr (shown hy thick line) in the conformation (CXVllTh). 
Til is effect is lacking in the other conformcr (CX Villa), 

9, Repulsive gauche effect (hockey Klfcks cfTect). In 1,4-dinxanc (CX1X), the 
conformcr wilh axial X (Figure 10.46b) is favoured although lo a Inser extent 
tHati ill rclalcd fetniliyilmpyran. This is due lo the n numeric rfTrcl (X is nn 
electronegative substituent). Dut in the coresponding 1,4-ouihiatic (CXX), the 


* When iiopehi bond oiflj » in hyJrarina anti peroxides, itic onliperiphcur amcpemeni of vEcjrul 
lone pain it trnluuiniMc (fee Chi [Her 9) md as trmciive gauche effect cfxntB. 

** For Use sate of liniptiniy, ihc short lohe cr ariosi foe iHUtat pi™ is Shown » n'Jn CXVI uvl 
CX VI lib w tiU | l if JJi f n i| i ;il | y cost l'l’L 
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rr!“ f "“ <CXX *) “ vet, much favoured over (he axial ooe fCXXbl 






rcxviiibi 



fCX VfJIb J 


b. 




(CXtX) 


0 CD^X<0 


fCXXo) 


rexxbr 

tOM (n) H*bfc.'i-nrerr«i * n J fh) hociey rtktj efTeci 

J0.8 Summary 

i 

'? f0ur «*•** small < 3 . 

whereas rhe forcer rifles arc nurh>~H ? P ro P ace nug is necessarily planar 
different nan-bonded imm&kmt are *° ,hal the 

starts with cjdobutane. becomes well defined Conf f"' rI1;i;,onaf heterogeneity 
complex in medium «d end grow, mote 

(or HK) ate Two W» of bonds 

invetsion-a proet« ehatvl . ! ^ <** by ring 

invetsion uk „ place M™, "‘"T° f 43 U a ° r ‘- *”= "4 

twist-boat con formations (ctllectlvcIv^nownasT'^'i'^r^ 04 "’® fr0m lMal 10 

"T sas"*? whkh “ d ^ 

whL A rtet“;;tS C ^J° d ? d0 ''' ‘T^ -form..*, in 
=££ aw axial 4S ttZZZSS STS; 

e'-JIly, iNjciliiuhoe i-dnyliritliirti mlhcrthwipBiep. ^ 
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l ^G*n or A-vnlue) of the substituent (R) and determines the equatorial preference 
of R. The — 4G U values for a forge number of substituents have been determined 
by a number or physical as well as chemical methods. 

4, The conformations 0 / U- f ]>, and N«methylcyciohexane 5 have been 
discussed in lerms of enthalpy, entropy, and free energy. The differences in 
enthalpies are calculated on the basis of gauche butane interactions present in a 
conformed The calculated thermodynamical parameters are in good agreement 
with those experimentally determined. In general, a diequatorial conformer is 
preferred over an equatorial-axial conformer which in turn is preferred over a 
diaijaf conformer. 

Factors other than sieric which influence conformation are dipoIcHfipole interac¬ 
tion, the presence of H-bonds, bulky substituents deforming the normal chair form. 

. ™ncx effect. The conformational analysis of polysubs turned cyclohexanes 

lS k do fV l0n L g $imiIar linw - Jn mw * cascs ' lhat conformer for isomer) fs more stable 
which hits ihe largest number of cqoa lorn I suhpfiiucnis, 

5. When one or mote sp carbon atoms arc introduced in a cyclohexane ring, a 
few changes in the conformations take pi ace. The molecules become flatter near the 
trigonal atoms increasing the torsional strain and angle strain. With reaped to 
cyclohexane, these molecules such as cyclohexanone and eye lo hexene are therefore 
thermodynamically and kinci fealty fe« stable* Several, character is ric features of 
" ,rj * ni1 '’ s y slei, « »«* as 2-alkyl-. .1-nlkyl-, and 4-tilkylkrmnr iTlWrs tin cycl.v- 
hL-xamnics). A' -strain fin cydoliexylidine deriviilives), and A’ '-.strain (in 
cyclohexenes) have been discussed. 


6. Of the other alicyclic rings, cydobutane exists in two rapidly equilibrating 
puckered conformations with e- and a-like bonds. Cyclopcntane displays iwo 
unique conformations: one an envelope form (G symmetry) and the other, a half- 
Chair form fQ symmciry) fbeth rapidly inierconvcrlinp amonp a number of 
equivalent conformed through pseudoroiaiiofi). With the increase nr ring size from 
cycloheplane onwards, the number of possible con formers increases due lo a greater 
degree of mobility. Usually more than one Tamil/ of conformed exist; the 
members of a family pseudorotate into each other whereas one ‘family’ is 
scprinifeil from nnnlhcr by a suMnniml energy hairier Cm ft mm I ions of medium 
rings in which transannutar interactions play a major role have been discussed. The 
large rings are strain-free and simulate in part the structure of diamond. They am 
Accommodate trans double bonds as well ns anti bumne units. 

large ring compounds with two or more double bonds are interesting because 
they can give both conformalional and configurational (£tind Z) feomers. Some of 
them, specialty the annuities with consecutive double bonds, have extra stability 
due to aromaticity following Hlickcl's 4n + 2 rule. 

7. Saturated helcnocydes display both similarities to and differences with the 
corresponding carbocydes. In piperidine and other N-heterocycles, conformational 
changes arc brought about both by ring inversion and by pyramidal inversion at N, 
the latter being generally energetically more facile. 

Certain six-membered heterocycles display unusual conformalional behaviour, 
as exemplified by the n no meric cPccl and gauche effect which are mostly 
stcreocJectronic in origin. 


•Du mil. hu*L-wi. rtusmiitHi' 10 compare ihe MJh.liri^ ,tfM rurally dirfemnl moJecuki. 
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Cournrmo.inas or Cyclic SyMcsns: IW,, ;m „ 1!ri0 ^ 

ItiilR Compound 

11.1 Introduction 

tetmcn'fwoTings maj^bc dnamSInmi^ W ‘' h0 " C "T rc310015 
Iwn rings are mined ilirmn»h "* t ca|c P° nK: spi^ncs in which it- 

^ oLj in cVzt us rr. r™, (,l,eir * 

fwu nnpjf have (wo common ntnim r i k U nng Cl>m Pounds in which ir- 
rin E «, mpound!! wh ; ch ^ 

s ist:: 1 " : ort ,h3n r~ 

'*- <hesysicms would be less flexible (iit) PiniTl^T'" ° f t ™ r ° [ml " onal rainiu. 
or OIK- ling may be iiansmiitcd 10 ihe olhm IhroTthT/ 110,1:11 forra:uion 
phenomenon known«conrormaiion.il itansmission. * * 8 junciions-j 

11.2 Fused blcyclic systems 

and hydrindalie discAiss^d''h S ^ lcms . such as dc « !in - ociatin. 
Ihcrcfrom would help in amlvse ill/- r r ^ ec ? usc Wforiiilliois derived 
sysicmv. P " >n,ly5c ,ht “"fomutoM of lhc ,, ighl , r 

11-2,1 Bicydo[4.-I.fl (decline (drcnliiO 

Sis“ isrt S ; 

a asSSS 

ss^a^irjriSiS 
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Conformation of QtUc SyMn,: Fwd Ring mi Bridged Rmg Compound, 30 ? 



FlpirelM «i-Decirmind 



rwfli-Jectlid 


in each ring aerra ih! mm'ccnn-Ttond^k™” 1 ” Sf """ ,hr ,c " sIon aiIg,c W) 
fflucourt 197-11. -n« planar simonies ma , ^ -‘T”' 5 l0r, ' on “ n F lc °<J«nciior 
H atom above Hie nlane nfiS, .j 3 * 64 amplified by replacing the bridgehead 
noted that ,bc b V h,ck ' ,n<r) *!‘ h * *". " nny he 

spanning of two I 2-fnm; hmvk o ■ '? ^ anar ^ urm ^ nLL ' it necessitates 

The isolation of eft-and froiK^enhnTih "" eC • 8 °° ) by 3 lc,ra melhylene chain. 

puckered striKitire. The snlicn7Vsr!l“ *n h Tr"“T- * cor ’ v ' Kin T Proof for the 
are bet discussed order lire following licadiljs “"'"'""''cuis of decalim 

conformalion.'thc^revfnudy ^laurnediwoh'bt™' r" 11 "‘'"' K,ccilli ' l,i c*isr in chair 

dixarded on energy gxZd” « ** <**“"" 

angle around all C-C bonds includine rhi ll,,r,3c, ® n “Penmcnix. Torsion 
approximately 55-56", the “me asincvrfoh!. con,rao " <*>"* °< ^ rings are 
nngs are fused through e.e bonds has'a ririrtT' " n,,J ' Dcc * ,ln ln wl,| ch Ihe Iwo 
tnveision which would lead in a h.nM * ruc!ure an d cannot undeigo ring 
hand, fft-decalin .•n which 1 he nL f i 'r : BC , ,) * J nn « fusim ' 'he Oihe? 
interchanging n,c bonds in Hie ring inno,™ ' t .’•* hn «l* am invert by 
inlctcanvcitfble structures h and lb = ^ *“'5 M1 Thc ma 

rti-talin ihus eitsb n< * f+Vmiir dniiiJ i ■ l0UEes of cach 0[h * r 

:™-decaJm which is more IflcH fl 1T * f“' J : 3 ^ ,melh y Ic K J olicJunc.* Unlike 
convex and a concave ride so lt^o^ hls 1 **“ «™™re wirh a 

the n» side. ' nC "’ lcrac " ons ‘Mbued unequally 0 „ 


ct Jg »r in roerthnee win, ,l, c A/* rep 

fiMmioiJitne but tn tubuiifificd rodcnlin' rh*. nr, old - Jn . C&H*sC*rin ftseff, the Im, afe 

t-and Itcol^ay j, my ^ flmJced ^ ■ “J^™ and l,nftqdin J' P°F*b\c4 f we 

mh *[' r1n C A of U wnajM. n, nn £ ft I. £?S jS « ** o/ach 

•re. hf>wtv< r . cjiclmi £ cjilT[c ihraigh cf m f s . ' “ ° 1 J ,m 5 A ^ *.i T . ftin C i a mJ ft 


I 
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3QS Stereochemistry 



*\ ron l™ an ? ,l ‘? of Junction. A torsion angle ofjttnerian is (lie torsion angle 
m each nng which has ihe common bond as its central kind {Bmourt 1974 
as shown in Newman projection in Figure J 1,1 fT sijimfs for tram- and C for 
cre-deca I in) Tliosc in the (wo enantiomeric forms of rj>*dcenlfo are once ntair 
shown m abbreviated structures C and C (retire I J.2), Usually, their values art 
‘ \ w <fi t■*&'Mtitals nn \ For tin- trail* Winirr, tiieir sij-iw are npiWlt' anil 
inreil wink for the cut isomer. Ihtrir it fins nrc identical and they can he c/mmsed 
Jimuliancons'y. Thus in the structure (T), if the molecule is muted around ihc 
10*9 bond in an anticlockwise direction, the torsion angle of junction in ring A 
doses up but that in ring n opens up — a process not energetically fcvourablc (ring 
13 becomes more puckered). On the other hand, in the structure (C) or {CTl a 
decrease of torsion angle of junction- in ring A follows a similar decrease of its 
counterpart in nng B and if the process is continued. C is finally converted into C' 
and vice versa (C and C* are mirror images or each other), Such a concerted 
change in torsion angles of junction is energetically quiic feasible which explains 
l ic nnft inversion ill tlx- bul nol in fm/tr-danlim lurllier use of torsion angle or 
junction will be illustrated later. ' 

3. Symmetry. The two-chair conformation of rrmuj-decalin (Figure 11.1) has a 

centre of symmetry (mid-point of the 9-10 bond) ami h achiral. In addition it has 

a C 3 axis pass.n« between C-2 and C-3 ( C-9 and C-10, and C-6 and C-7 and a o 

plane perpendicular to the C 2 axis and passing through the ring junction. Its 

symmetry number (o) i*. therefore, 7 and it belongs lo point group C?j„ The 

twochair conformation of cw-deealtn has no reflection symmetry bul has a C 5 axis 

passing through the midpoint of the 9-10 bond and bisecting the dihedral ancle 

between 9-H and UMJ (ihe dotted line in Figure 11,1), It is. therefore, chiral, has a 

symmetry number of 2, and belongs to point group Cj. A* already stated, (he two 

. "hsTij 13 - 0 arc enantiomeric hu( interconvertible ai a rate too fast for 

the NMR time scale. 
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* a ' m "' hn ' e/CjrllrS ^-Fuatim,. o, Kpainil 3K 

IrihuioIDcMr^te™ Jf! l Rte2^^c” 3 |J"^ d ;j , ™ n1elr> 2 which ran- 

mixing (temp a racemic mixture) eaual in nr 'i”' ^ as aa entropy 

£*-*—*"*» + * om R"2 °r 5.8 JK n , 0 r 1 . Thus the 

CIS. The eipcnmcniaf value is, however mm* e ™u ** JK m ° in ravour of ^ 
fn liquid) SBEEcslinjj dm i| lere j s , no((; ,1| ? P '?“": 1lcly 2J J K‘W 1 

'" lbe ll£ l uid Slate. Ii belies [he popular idea ih»r lhan “ 

(tofci-dccaltn which would increase rather rh, h ' dtfcaIm 15 mo « flexible than 
° r "^nmi /runs ismuc. S]™y „r !"■ ■ *"f dffl! " n “ in 

Confused with its flexibility. ^ E inversion of n system should not be 

in cii- and /««™cca™ ^^o° n of“"rton"!lom ,,U r“ ber ° r * i " ,,: '" ! buUne 

«* ** snuche in d^^odaf Z ^ uni, rtBs 

mira-innular and so is not counted) In flJppe,ls ,0 U 

nnnely, J-9-8-7, 1-9-10-5 and 3-llM "* e 3l,chc *■>«*«>«, 

113). The difference of enthnlnv ;< ,>» sho n , m lhe srruettue below (Figure 

^ Id Ct,Ufll **"• gauche 

^ng from 8.8 (0 11.4 kj l . w,lh li] * «f*™ncnta| values 

«3uilibrium between eis and tra ns isomers ord^ tt ™ pem ' ,rc dependence of 
relevant physical nronenio /■ n “ nt ! *“* of combustion date) Tlic 

tiller valtia for^hcaJ ^i^lr;"';^ anJref ^ i«ta hm 
"fcflxMSmywmm ** SX"** (conforma 1 ional) 

—'-<»* fcft«wiZ5 °h 895 a v d a870: n * ■•«» 

cr lo inc cis and Ihe second (o the irans isomer). 



Gauche units: 

9 -b~-7)~ 
J-9-10-5 L 
3-4- 10-5 J 


npure 11 3 b«rane interactions m rinlnaJia 


r^mg’ tVi Johnson. 1 vjIuc ef 1 35 VJ mnl' J imi^ 

* lyitani, n iBiiratc! toi 1 iiuriic bdlmw imcnciigD 


u ■ 


_ I. . 
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308 Stereochemistry 



, T ° n ' 0n an ^ cs junction. A /ohAm airj/c of junction is the torsi™ 

(fli) tn each ring which has (he common bond as its central bond (Rucouri 19741 

^; n ^:r n ,r iK,iM in p,p ™ 111 < t cE 

CA m). Tlitwc tn the two cnnnhomcric forms of nir-decalin are once a»in 

ZT,7J ^ n ? r ' ,Firurc ' 1 *«■"*. «*w ^ J,„ 

[L ' i * 1 * T? Ls 1 ■ Z ,he «■* ihrir »„■ „|,„i, c 31lJ 

Z ,. i! ' ,SOrt ^ lhctr ^ ^nt.cat and they cun be channed 

si mu I la neon sly. Thus in the structure m if is.* m ,w i - \ , cmm KC 

10-9 bond in an " mflIcCulc JS minted around Ihe 

clcl^ota, ,W WkW,SC dlrec " 0 "' ,lK l0Rion *"§'« ofjuncuon in ring A 
n l_ JL ’ 1 ^ " J* ® °p' ns “P— 1 process DO! eneigeiieally favourable (ripe 

puckered). On .he oiher hand, in the s.ructu.c (C) or (CM 
decnase of lorsion angle of junciion. in ring A follows a similar decrease of its 

ond snTvemTc ld"c J« •’ “"‘'T*' C Is ^ “-'erred into C 
ehsr^Tr? (C , d c C mirrar ,n “*= of “ c!l Other). Such a concerted 
IlK liiv iiwminn'" S f S ? r,U,,C ’'" n ,s '"'^onlly quite feasible which explain, 

junciion will b! ™''" *•"*”*”■ « ..* 

3v Symmetry. The I wo-chair conformation of /wu-dccalin (Figure U 1) has a 
centre of symmetry (mid-point of the 9-JO bond} and is achiral. In add i lion l has 
a C 2 axis passing between C-2 and C-3, C-9 and C-10, and 06 ami C-7 and a D 

!° th . C . C % a!(is f d «i™*h ihe ring junction. Its 

. , ^ ls% t * lc rcforc, * and ir belongs u> point group C?t. The 

m* * 3 '^ C0nf ormalion of cir-dccatm has no reflection svmmclry but has a C- axis 

towel ° f lhC 9_tD b0nd and bi “' n B lhi dihedral angle 

^vmm^? 9H “£ fthC d0 ‘ ICd 1,nc in FiEUrc 1 J J >- II ,s ' lhercf ore 5 Chiral. hJ a 

mnrol7n°J!rl5j 0f w flnd bcl0ngs 10 poinl eroup C: - As alfcad y sla,(d ' lhc 

the KM^ime^T enantltm * ric bu1 at a rate too fast for 


autnul in lr»sl Pnr rrmthino nntv 
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GQnfttrmatitmx uf Cvctir r.„i 

«. t** m b^.l . . 3W 

^•-asSSStt'-sa 

-wSKS? "■■“*«« *52 “Slisss 

5 - “Ihalpy and f rcc Cn Q 

11 i\ tv ..^ * ^ T ^’i0‘5 and 3*4-JQ_5 ■< ,l ■ . ^ £ 3iiche units cjt;s( 

h f" ralu « for the * and »««■■« indS^ e e 

CIS and the second to the , rans isomcr) 



Gouche unifs 



H * nre * 13 ° aUCfW?bu ‘ liTie ^'™»oo* id d^italia 

255?is" S“ * w-i-m, 

■^Wmni W.S. Jofc^rT ji valu.* n ft, (L( 

)Ol*i0fWffl ,i PBW(BRi Dine only mo) lus twnasnuned for * *iqdie butane intt^on 

Scanned by CamScanne 






3 J 0 Stcreockcmixtry 

3<ilkylkctonc effects in dcaloncs), The poriiinn of equilibrium or the l -dccalons 
corresponds to 5-10% of ihc cis isomer. 

6, King inversion in ds-dccnlin. cfr-Dvcalin and related system undergo ring 
inversion similar to cyclohexane which can be studied by 'H-NMR, In rigid trans- 
decahn the equatorial and axial protons are distinguishable and appear as two 
broad bands due to spin-spin coupling. On the other hand, in <7J*decalin, the 
equatorial and axial protons are averaged out due to flipping of the rings and 
appear ns a narrow band at ambient temperature. This can, however, be split up 
into two broad bands at low temperature and the coalescence temperature gives a 

n o m ° - a ‘ ~ I8 * C in “= for thc tinier or tine 

J r e ™ n . 2 T 2-Difluorn-cij-dccaTin exhibits a bamer of5L5 kJ mof at -30°C in 

ard D ^l? I" h f K hUS cons ' dcn,b| y hi $ hcr b *mcr energy than cyclohexane 

* ar,Ll c «-l ^-duTicihylcydohcxane (AGT-42.0 IcJ mol' 1 at -fifTCl * 

7. F : fTecilof an annular mclhvt group. Introdiiciinn of n methyl group nl one of 
he bridged arbor atoms gives rise to sddiiion.il gauche interactions ; four in the 
rans isomer fll) flwo with respect to each ring. Me being axial to both) and two m 

difference oF^ fI ° fMc . h< : inc il *™' ln OTlt rh ?' f11.4), Tlic original 
difference of three gauche interactions in cit- and fra/ur-dccalins is thus reduced to 

one in 9-methyMccahns ,n favour of the trans isomer which is thus more stable 

han . ,JlC C " h y 3J5 kJ mol \ This is more nr less Slippnrtrd by the 

experiments! values o[enthalpy difference a* determined hy lempcraiure drpen- 

2 5 to 8 4 C kJ lrni ? ( CqillIl1ir “ ltni nfUl by iif tt>nthi»imn data, Alt ranging from 




lltjurf 11.4 rtr-^Mfthykft-calinnfid/wm.v-Q-nifiti^Jtolfn 

mn.t-9-Mcsliyklfcalin (llJUncs noi Invcnny Cmistml possesses.,, plunc rassint 
vertically along Hie 9-10 bond. Ii is thus adiit.1 and belong, lo pomi „ r( L C ;. 
The ns isomer, on the other hard, is devoid of ary symmetry element and belong, 
to point group C,. However, thc two enantiomer! (Ufa) and (lllb) are inter, 
convertible by ring inversion and ru-9-methyldccalin u a (ij-mixtorc having an 
entropy term higher than the trans isomer by Kln2 f5,8 JK -1 mol -1 ). Ex- 
peri men tally, the entropy term favours the cis isomer but not to the extent 

expected theoretically -a behaviour which appears to be intrinsic in thc decalin 
system. 

Met hy (decalin exhibits a ring inversion barrier of 52.8 fcj mol' 1 , similar in 


•Manx of the rinp inversion data are available in a mono* rtpft by Qki f I9SS), 
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Conformations of Cyclic Systems .* Fused R ing and Bridged Ring Compounds 311 

magnitude to (hat in rii-drtraJin. fo-9J0-DiniciJ]yldfCfll)n displays a much higher 
ring inversion barrier (5J.2 kJ mol -1 ), 

I J.2.2 Decaf ones and decalols 


M long as the rings in decaf in system are not substituted other than at bridgeheads, 
the mins isomers are always achiral having a p plane viatical to the common bond 
and ihe eis isomers although chiral exist as un resolvable racemic mix lures. 
Miroduction or a substituent at any olhcr carbon creates ihrce chiml centres, two 
at the bridgeheads and one at the point of substitution and the number or 
stereoisomers increases. When a carbonyl group it introduced (o give I- or 2- 
dcealone, the two bridgehead carbons become ehimJ and both ihe cis- and trvns- 
decatones exist at resolvable f;t )-pair. Thus frnnx- J-dcra ( nnf can he resolved 
inlo two enaniiomcn fIV)ami flV') fRgure f 1.5) which haw fixed mnformafiW 
hi the flite nfctr-UIrraiiiJK 1 , each of die eiinrfumur.s: iintlrr^iks riti|t inversion io a 
iimi-ciiniviilcnl con/V inner. I Jn- oi9iitii)ineh (VjjJ juid |Va') Imvc Hjc sicmitl 
conformation while Vhand Vb' li.-ive the unn-skruid conformal ion. Hotli cm- and 
frarw-l-decaloncs can be easily equilibrated by treatment wiih base into a mixture 
in which the falter p red run mate* f-ifT” is amuncl 10 n hi mol ') (o ilic extern of 
90-95®. The riag inversion barrier in cu*dccaronc? is appreciably higher than that 
in cyclohexanone.' Thus "F-NMR spectra of 6,6-difluoro<Zj-2-dfCilone at low 
temperatures indicate a free energy of activation for ring inversion of 39.9 kJ mof' 1 
in comparison to 16.75 IcJ mol" 1 for cyclohexanone. The effect of a 10-Me 
substituent on ihe energy barrier ts negligible { A III = 41.0 kJ mol" 1 ; & Sf = 20.0 
JK~‘ mof J forctr-JO*meihyl-l*dcealoneX 



Figure 11.5 f/.f- I-Dwslone Afld rwnM-dralfine 


When decalone* arc reduced co decaff 3 ifirrrf chiral ccnire is created and ihe 
number of £ re rc him miens correspond! nf^y incrcji.TCs. E-ndi cnjiniiomcr nf frcm.f-1- 
dccalonc would five nr itiinl nmf nn rqiM Enriii I ;iTenItol fc.tiddjip in i scl nf fnui 
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“ hcn - -*«I... 

<-■«>?■! mnrormnlinnaj RTin^'^jPhir'^ p "" llh ^ Mvt( 

mofjoflill jiuifysia fjtcajy (ij ■ * . j . Uw /mfle-ttoga| ( >|^ muffae. 

ror Ihc t,C± > ■**"«■ mcr ,hc ■>*■». Jlu 

11OcrahydronaphriiaJetiw fociaiins) 

d^alin^whtch"hjs^h^doi^c*^jlj an h ^ ^ arc four «“«« - * ,1D - 

in half-cliaJ: con for™ non, d'WuJin S'hlnn! ^ ^ ^ ohcjene n> * s 

form and rinp B m deformed dvsir far m i r 10 ^ ormf d lltlf-chair 

Which hive , hc loub"^ " S r, naUy ' * Wn “ d 

hair<hair conformation and rine R in nh • nn r ' l,lr ' tiy:l Wl| b ring A in flexible 
»nt of conformation, 1 i„, craI 10 ^„ dL< C i^te3 l '°°' ”* lh,K sysn!nK 

«*■« 1,6 > *• » centre at C-10. 
Itroneh a filed 9-S bond and a .1?'“" d *“ ™? 8 


4 H 



rvri 




OH 





fVIdJ 

Flsurt i 1.6 y ^Gctifin: quasi-lnni ind quu-cli ftisios 
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«™ eonformcr (Via) j, (latSnWtX , T°".*" e '“ or >'" Ie "'°"- The 
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°, fjun T" of ®PP«i“ »'ps, >sa!n like /mu-deeslm. |, is , therefore, 
ailed a fMMHrans form. Hie second eonformer (VIb) is folded and like di- 
dcokn, loraon angles of jenclfon are of the area sign. 1, (, 

Stop's™'.'"”? ■ ? “ a '' , l l"' S * nd »“*<* itfcr here to conformational and 

•s ItaSSSSfcll 1 ™? '| A Pri0li ' ° CQlin (V1) !iTO,d «*l prcdominamlv 
. 115 *°™ unless some slenc situation seed as an isinl erouo at 
C-3 (shown by arrow) makes it unstable due to 1 Jevndian.1 ihte™«S n ™ * 

!iwWchX h » 2 t*" t0,,J ^' W ' er0ne (VII) (C ' 2 vn^niesponds to C-3foVh 

in which Uwwetoxy group is round 10 be equatorial (see amaw hVlb), ^ 

n . J :, ‘ ^ ‘ ■ ° cto]in ^ A ' Jj Octalin(V[rnaildil U MXtiltnf[KWF J rtnr ( . 

+ “ -ocuiin has undergone an opening of 10* (from + 55° )0 

(from + 55" to wTil- ” ,Unl ! Cd ™* ° r bns been reduced by 6" 

f ° m . ta 4 “) r Tins means that a double bond at the 2-3 oosition u tL. 

mhlv j !r“" * "S?* b °" J Bl ,ht «1’ os:,ion in reens^eaUnTe caleuS 
decalonc to entdise to give a ^3-dmrble baud' raster than aj ,2-doubIe hood™ 41 


H 




« H 

+ Ml +43 - 


4 K 



FlEnre Jl,7 A 1 ''-Ocllliji ind A a i -0cUlin 

^A^ssas’MsztsisSS 

M r' i0 °* °" ly ™ 0f ' St pa uebe Interactions is d ecreased 
whtch makes cb-^A sctelm more stable then efr-A^HOctalin (a result opj^ 


It&'S?" ■y h lw» M«ri by Irwuoid and ciaoid meefcd, 

T dBddMIowUeKaueweerihertsn,ntrbe 

(+) and Ibllwnd by (-) and rhe rerene far in fadeS‘ bndf ' h “ 1, ‘ ) ” preceded by 
top In wind dm The d e « m ?.*,.£ a ,°" s — ■* 

•Irereat: sud iba. in im™ it. tonn.^h <** 
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Chill n»r I lie Hum liny t-ijitnin i\tc Innk-my »r ri>-2-(Ut n finif* u, 

CnoTisc towards C-l instead of C-3. . (l 

11.2,4 Fused bicyclic systems with nitrogen 

Decahydroqu f noTinc fX) and quinolbidinc (XU) arc the two most important fused 
bicjdie systems containing an N atom. Their stereochemistry is of interest because 
Ofihm occurrence in various alkaloids, c.p., Ittpininc. rettrpme. and yohimbine, 
[A'CnliyilrniiiMiiufine (also dccahyiJmisuiitimdiiit;) uxiMs as trims (X) and m [Xh 
dm stereo men; similar to d realm, as shown in Figure II.K with the difference that it 
contains two chrr.if centres and each isomer is ncwlvahlc a camming for a tola] or 
mur slcreoisotncnt. In addition, pyramid.if i.m-ndm, at M can lake place giving r,V 
It) m'rtlomm’fXa) and fXbJ. As in the vase of piperidine. N-ff, is preferred, f.ikc 

fYn f a,m ’ ClS J* om * r n, ’ i,s fn ,uo con formers, steroid fXfa) and non-siemid 
(XIM mtcrcofivertrMe by ring inversion. They are. however, nor mirror images of 

c) other as in dj-docahn 6uf hair their enantiomeric counterparts The 
con former PCI hi ,s more stable than the other fXJa) because Clh to /one 

T^u" ^ *** ^ * M3dWte ,f al C- Although in version at n£ 
place. N-IL or N-R f m preferred. 

H 


CP 

h H 


H 

fX) 

>1 



CP 




H H 
fXI) 

I" B ("H T t* 11 .H | In si Ik hi In h |ii 11141111 || L 

fX !" “ : ' t ' 1 '"." 1 f| ”'"" ,,uv ,,f » ■' ami ■•"■•'tv ill II 1l.„. utkl 

ailed rilh„L"7 - . .* h * iiuerMiin a, „i,rti(!cn end may hr 

IX N> P “". for “ l ' 0mcrs 0r configurational isomers.’ The Inna form 

me sr; 1 ao r ci,i, ' r ,,,e * c ™ fn,mfr <* m «-* 

*L [Mh ' “ s . l ' 0 r '".F'forc 11.9. The two enantiomer., are in turn 
merconvenlble hy rmg invention . Thus all the thtee ttinrormcts fXII: a.h.K) are in 
dynamic equilibrium. The .ran. conrormer (Xlla) is more iU b|r than Ihe eis (XHh) 
h, ;m energy term «t 1*5 . in.0 U mol' (determined bv irreversible qaater- 
nisition nf nitrogen discussrd before) winch is ronsiileiaHy higher Hum in declin 

S v ^ "r k l,rirlf5tJ lvcailSc 1,ll ‘ itimfiirtnatint 1 , 1 1 free etterpv of Me in 
N-melhylpipcndine is -ItJ k J mol 1 (Chapter 10). The trans fused quino- 
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rxiiti 


Hpnr ] 1,9 QuinoltriiliK ftfoilnf line n*piwii« mirror) 

chararlfrisctlhy He presence of Knlilmnnn band* in IK famund 1700- 
2»00 cm ) winch are til her atacnl or very weak in [he c& fused isccieB. 


11X5 BicycJoT4J,0jnonflni! fhydrfudane) 


Neil lo dcatJjp, bicydof i l.3.0jnoflaiic p commonly known as hydn'ndanc ii the most 
important bicyclic system because or its occurrence in steroids fn'ngs C and D>. 
Like decaf in, hyefrindane also exists in two diaslcrcomcrfc forms, ds and Ira ns 
whfdi arc shown in Figure J 1.10 in planar fXIJJ) and (XIV) and puckered (XIHa) 
and fXIVa) forms. The planar structures show two equivalent chiral centres (ihe 
bridgehead carbons) predicting the trans isomer as a f±)~pair and the d$ isomer 
ns 1 xneso compound. flj-Mdrindjnc in which o^c axial and one 


Co 

fxm) 



t X t|la J 



rxiiibJ 


Co 

fXiV) 


H 




fXlVbJ 
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equatorial bond of cyclohexane in; engaged in eyrtopeniane ring formation 

(Xflla) is chiral (Q poim group) but like c/r-dccafm exists as u f± )-ni larture, Ifie 
iwoi' enanri'omer* being interconvertible by ring inversion. //‘trffj-Hydrindunc In 
which iwo cqu.itorf.il bonds are engaged In cyclopeniane ring formation is rigid 
(XIVa), has a C; axis but no reflection symmetry (Ci point group). 

The Irani isomer has a slightly smaller heal oT combustion fby about 5 kJ 
mol' ) in vapour phase and so is only margjnally stabler than ihc cis isomer. On 
the other hand, the falter has a higher entropy fby about 9.5 JlT'moJ 
apparently, in the rrans isomer, pseudo rotation in cyclnpcninnc is considerably 
restricted—and as a rcsull, ai a temperature below K, the trans isomer is 
slighily more ahundam hut above that lire cis isomer preilnminalcs ai rumlibmun. 
The small enthalpy difference between oY* and tnmx-hyd rim lanes compared to 
decnlins is due In relatively flat cyclnpcntanc ring in whfrli ring torsion singles may 
reach a maximum of 42“ only without crtviling much strain. Tin.’ iiiiuliu-d values 
of Ihe imrsion angles of junction in m- am) /own.v-hydrindancs are shown in 
smicrures f XI lib) and fXlVh). In fhc laller. the torsion angle <>! jmiction in the 
cyclohexane ring shows a considerable opening ffrom 55* to fiS a ) which is quite 
unfavourable fit makes the chair form much more puckered). The situation in 
ar-hydrindane is not so bad, (he reduction of torsion angle of junction slightly 
fiaitens the cyclohexane chair. That the cyclohexane ring in hydrindanes exists in 
chair form ishphily deformed! as CM'dcncrd from ihc oxidation rarcs of ris and 
Irans isomers of 2-oxnhydrindane</j-5,6*dioJs fEliel 1962, p. 277) with lead 
tetraacetate which correspond roughly lo those of ihec/y-and rnwi.r-cydohcxariM* 

2 ^ 10 ^ (Offs staggered) but cot to those of ihc cyclopentane-1^-tfiols (Offs 
nearly eclipsed). 

Tbc small enthalpy difference between cis- and rraitf-hydrindanes is further 
reduced by iniroduclion of subsiiiucnts. Thus in Ihc case of S-melhylhydrindanc 
and l-hydnndsnone. ihc cis isomers air more jsiablc than [lie trans isomers (much 
more so in J-hydrindanone) 


The 


free fut'tgics nf acimilion for ring inmMou in m-lmlriikluni' 


; .— -' ■ ... . ... rr.wmmuiiuni 1 siski its 

dcnviliw arc also much lower than in rts-dccafins. as determined by dynamic 
NMR studies. The average harriers to ring inversion fdelermincd by ’'E-NMR) 
are 30.5 and 3f.fi kJ mol 1 for crj-6,6-diflunrohvdrindane and n'T-e.fi-difluora-S- 
mcthyJliydrifldnnc respectively fLack and Roberts 1968). 


11.2.6 Fused bicydic systems with small rings 

EitheT one or both of the rings in bicydic compounds may be small (3- or 4- 
membered) in which case two phenomena are usually observed: f i) The systems 
become slraincd and (it) the cis isomers become more stable than the trans; in 
extreme cases, ihe laticr may even be non-ciistcm. A few such sysicms arc 
discussed below-. 

1 Bicyelof33.0]actBoe. Bicyclof J.3.0]octnne fXV) f Figure 11,111 m which hvo 
cyriopeninnc rings are fused llihmgli mljnLruf akmis is kimw,i under U.c trivial 
name, pcnlalare and can still exist in cis and Iran* forms. The cis fusion lakes place 
Ihrough two nearly nrlrpsed bonds and is relatively easy. The irufi* fusion which 
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fcw 2 ) A co 2 h 


rt CH—Chk 

0=c C I * > 

^NH—£h—CH^ 



(XVI) 


(XVII) 


Hr “ w Jl.tr ffcyii 

requires spanning of two «<ppo\iit]y oriented honth h v ji roi i -i,.-, i 

WHMo^fb SynlhCliC hyd[Oarb0n e * hibIti "e <1* h,|h=i^now" sTOnwiJ" 

t-SKSffiS? 6 buih ap ° r "“*** *- «£> 

and maj be even stabler than the ri, fusion. The ualurally occurring 
caryophy]]ene (XX) provides an example in which not only the ring iunctioiHiin 
“ ? C end ^>' c,i . c bond is traos oriented, Bicydo[2.2.01heiane fXXIh is 

rm) “ on ' of * * *U* 




H 

(XVIIIJ 


H 


fxxu 


h* 


» 


M* H 



+ CO + Olhir products 


flBiire I MX Fuvil 4-ring t'pAr mi 


nfinSrif." " C systc ™'- ***** wm roundi containing a cytdo 
-S ° r a V P ° Jl ' de - nnp t|H,tc WcM k ™ wn b"* 11 fn neural and synfhcrie 
s |Tiall«i poMibhe bicydic corbocyde is bicycle* U.OJbutane (XXim 
lorrned by photo-chemical reaction of 3-diaxobutetie (Figure 11.13) It can erisl 
only m q* form hav ing a folded structure (XXIlh) in which the methylene 

1We& fforpojrtL Fun ™« "W ®f ™“® iflteres, (See, Arc. Cfem. 
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inrcrr’^hr ;/kc^7o?p.“ K-^ fW 

"cr -::vj n r ~ **».Xte 

pm) and an unusually short (-/bond (141 o ,0 " f 2-3 t’onil ((621 

Wcyelpf 1 ), 1-OJhcpUiK 3 ~ ” • Pml B,c ^ 3 «d 

fJSS^S2St^SV Tk fSCC SWbSCh '»*» ■ «*w) are 
dial in bicjcIopcnune(XX/V| is 230 ^ XXm ' l! 270 kJ mo1 ’ 1 and 

! 1.3 Fused polycyclic systems 

e»:nKXS™rAddSll ad °r * “** fl— can be 

Pcr^rbS^^T^tr 

11.3.1 Pcrljydrophcnanflifcncs 

T ■«* ««h» 10 „ 

polyeydic systems. U cnnsrilwra lire 6 h ml C riws'!?u ’ P " 1 " C ' p, f‘ ! nw,,ml in 
In add/imii m icrrm cis ami trine wi,;^ itr*fi * ten,l|b Jn ‘ ""^I’nmiits, 
junctions. two «fcr tons rivo» <syL' UynHHK 
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m/saon 1974) jreS"°“ c ^ “™ * n<l «M»*viatcd here as r) fJLJPAC Com 
or ifce nearest bridgehead atom,' (H . S ' S 'j; r ' c ' t,sl «* os and ami rtap^tyV 

Sr -F n 

arc irans fused, fhe enfire m . J™ e ™' ( ^ /r ,n y two 6-memticrrd rhw 

iitvcrsifin cm laJte n/ a ™ /.-a -to. Cl ' lifrc /Acytr-dcciilJri and nrt « 

pssiM r£ii fF? 

determine by ih c C |,„ ic|) Mwt f -_ h ' lr rela" 1 * ronfi /!urallIW , hjvc . 

»£--«-<«a XXIX) mtCl a dtd;Z‘ m ST*" o' 

[',}■ p lc s ^r«Jchemis[ry of ih e urh-?hi: ™ r 0 |l *nic aerds fas XXX) fFiW c 

aWytrc hydrogenation ordfehenic add Ji7 b ™? worllfd !ram 'he study of 

au,y,fc * 
have been worked out hy JAm™ and " ,eir relative stabilities 

rr* ■« X ist?v*"- 1 ’*ffittss: 

™VlT 3 ?n W r hrt “ ™"'“ 

^dftom ™ l,um ' ,cr of gauche interaeiiolts^'r fo ™nl.e 

whSifce Th . t isomer tin™ !T !"? ,c "''pes cnlculnkxl 

lauehe butane unil ond (ft " “ “_« groups in cydohesane 

sms 5 7 ' 4 -^s;jKa f r 

0,he ™ Jie 0 f ih cse mofecuj^ can h u h Tf^ 1 P^Wivc. The chimli! or 
symmetry pasting fl, m „ K |, (hc g. l0 ^ ^12 of 

1 . l^nre * HaiB-Mrans, cij-Mrane ris^ i, "''“ ,s "’ ltc Hanar ilructunts 

Z ian f,,lg ^ ^ ■-■• 

"mb 7 l "7 J“ TC | m “"‘“*** «« hnlol loro her tllfcr j- , 
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b. 



ho 2 c co 2 h 

(meso) major 
WnOMe [or dlfir-or 

Q-Q 

ho 2 c co 2 h 

fm#«o J- 


HO 2 C CO^if 
(1) minor 


on Ikoll-Hftr 


NdOM«| 

q-P 

HQgi COgH 


1 — ) 


HO^C CO^H 
(1 ] minor 
MnOMn on diniir 

OP 

HOgC CQ 2 H 
111 


Figure 1 (.14 SEi-irnchcmiAlry nf pcrh^IrmJfpbnur m'niK fvi' Nirl p. 

! s 134 * J rr 1(4 * 3 ' 35 >' ™ e »™ f°* for die Qj<-ir»n! faomtr 

(LH, the 4>micract.un being due ro t.e-subsiitution. The cis-f-ria Corner fihe 

f* ntra ) ring d.equal on ally substituted} having two cis ring junctions enn undergo 
inversion and exists as ;i mixture of two oonfbrmers (E) anti (F) which arc nnn- 
equtvalenL There arc two oj-dccaTin units in each totalling six gaudic interactions 
and m E, the 4 t S-inieracitou rs also prcwnl. The ronfonm-r fF) with six gauche 
interactions is thut preferred having an energy nf appmxiiii.udy zn.| fcj mol' 1 
T)tc CK-r-cit isomer also exists as a mixture or two conformed i(i) and fG J ) which 
happen 10 be mirror images of cadi other. White lire phnar structure has a pinne 
of symmetry, the puckered siructurc has none and so is chiral. Like cft-dcailim it is 
an inseparable f±)-mixturc and ihc lerm 'meso’ is really not applicable. In addition 
to having two ro-decafin units, ihc conformation fG) has a 1,3-syndraxial 
interaction which usually introduces in simple system an interaction lerm of 22.6 


Ji is oner mat pmnled mn UijI only cJj-cis iumcn can exist in iwtHurnmeistliir lo ring 
rnvtrmwi. 
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k J mol This alone wilt iwo other gauche interaction?; (6,7 kJ mol L ) should eive 
n energy or 29.3 kJ mol to this isomer. Johnson suggested a value of 30 1 kJ 
mol while Allingcr ei nl cnlciihied a value of 37.7 U mol 1 hemp the hi,.hoi in 
r" "f (ra "**«* isonicr (Uic List im) cn»ot have both ring junctions 

S *"* " mC 12 H and l3 ' H dso, ' d in in conformation. For 

tin,. Iht central ring must assume a boat or a twist-boal conformation (as Mj with 

the other two rings fused through four boat-equatorial bonds. Johnson has 

fr urf 111 l "" ^ mc ?* w ^’* c linger ct al Lave computed for it a 

slightly higher energy. 29.4 kJ mol“\ 

Tip" » lhe «"W1 ring lave signs shown in the planar 

S« F !‘ UK 15 T ? C S,EM ; re dtlcrn,in « l l rom lhe lule that a / axial 

«hl »,h. « (+) "" d r °" nWet ' bv “ nd lhc reverac for nn o 

' subsw “'i« (the reference bridgehead Jei.il C-H bonds are shown in the 
puckered structures). In lhe first five isomers, lhe signs are the same for each ring 
jwnfcn across bonds which are alienate <l,3) in a cyclohexane ring and are thJ[ 
mnsisicm Wih n being in a chair conformation. [ r . ihe inns-Arans isomer 

VT a "r OI>tKK;il ' Whid ' “**“ 1 nn n-chaiT «.ntorn«„ on ( ot ^ 

Summnrmng the results, one enn we that the above cnnfi'nniiiiunnl anil«fe k 
Kiwd m.unJ v on the fnUowinp three premia 1 * *"*** 15 

mtb hTm nUm ** r ° f of tie centra! nnr 

mvnnicn sn nng fusions is more stable f 

1 ild ! h L“ !ES r ht " lW ° * Xial bo ” ds of Ihe used in ring fusion 

i severe “* V ^““ l ^rhichsullen itotn 

(ml If the central ring cannot stilkfy the. eonfigurniion.il requirement by 

adopting a tytlolimnc tliair. a boat or Iwisl-boal form for it is assumed with 
correspondingly increased energy. 

11.3.2 Pcrliydroantliracencs 

Pcrh yd roa nt h mccn ts can be very similarly analysed stcrmehcmically witn only I wo 
points of demotion. Tlte rings tire fused in a linear arrangement so ZnTt lZ 
crsoid and transoid arc no longer determined by the sicric relations of 1,2 but by 
1,3 bridgehead atoms. Secondly, all the four chiral centres arc equivalent, the 
25S corresponds to an AAAA type so that the number of stereoisomers is less. 

1 Lrhydroanihracenc exists in live dtastereomeric forms? meso-trans-e-imns. (±)-cis* 

- rans t m«o-cis-f-cis, (±)-trans-/-trans, and mcso-cis-c-cis (Figure 11 161 
menboned m order of their relative stabilities. The stereochemical symbols have 
the same significance a s m peihydrophenamhrenes. The cis-c-tnms isomer may as 

•%Vhcn MVH ID a dudi^V ilifo imn 
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wqll be called riw-trans iramcr depending on whether one looks at the bridgehead 
atoms in the clockwise or anticlockwise direction. In this system, ihe irans-t-trans 
isomer is ihe most stable isomer having no extra p.ntche butane interaction (cf. 
irnns-r-trans perhydrophcninlhrcnc which contains one). The cis-o-cis isomer with 
n 1,3-sjrndijiial interaction and (wo gaticlic interactions is |hc least stable. The 
If.ins-Mmns isomer has ihe Ccnlr.il ring in a hoai or lwisl-bn.it mnfnrnialion and 
hns iin energy over 23,4 VI mill V Tin- Inn risnis isiiinrrs nti ring inversion give 
llu Kimc con forme is: ihey nre achiral ewfli iti clmir conform;! lions (cis-f-vi.s is of tl 
and cis-r-cis is of C. symmetry). 

I lie frijiedive signs or torsion nuglcs ol juiK lions in llu- ixnliiil ling me slmum 
following the same convention. In this taw, since the two common bonds arc T,4, 
a chair con formation for the central ring would requite opposite signs. The similar 
jjens i/i the tfitfiS-Hram komcrsuggests3 boji oriniFi-bm/ confo/mj/ion. 

The energy terms ha™ been calculated using farce-field method fAltingcr and 
Wuesthoff 1971) and also experimentally dcicrmined from ihe composition of an 
equilibrium mixture of the hydrocarbons as a function of temperature. The 
experimental and calculated fin parenthesf-!) values of A IP arc as follow*: irans<- 
Iraits. D.nn m.Oflh ttw-trars, I L55 IranvAtrans. 17.37 (21.57); cis-Z-cis 

23.35 (23.27* cis<-cis. 36.5H (3-1.U2) kJ mill 1 

U J.3 Steroids: pcrhydrocyctopcnfenophcnanihcrcnc system 

Steroids belong toonc of the most important class of naturally occurring compounds 
which are biologically active. They have a perhydrophenrmihrcnc moiety joined to 
a five membered ring. The substituted steroids beta use or their rigid structures have 
been extensively used for the study of reaclions wiih specific stereochemical 
requirements such as E2 elimination and molecular rearrangements and for 
verification of many physicochemical theories especially in spectroscopy flR. UV, 
NMR, and massj. The stereochemistry of steroids is discussed in many textbooks 
(FTeser and Meser 1959: Gilman 1945). Only the basic conformational aspect of 
the steroidal ring system is presented here under ihe following headings. 

i. Nomenclature. The different carbon atoms in ihe steroid nucleus arc numbered 
as shown in the planar structure fXXXI) and a few mother systems have their 
Irivial names (Figure 11.17). [n most of the natural steroids. ihe four rings arc 
jcimed through nans giving w rigid and more ot Iks flu smictute (XXXU), 
In a few cases, the rings A and B are cis fused a s shown in slruciurc (XXX111): hut 
Ihe moletuTcs are still rigid Compounds with rings A and II trans belong ■» 5" 
seriw wfiilf those with rings A and 6 as belong 10 5/J series. The groups or atom? 
poirtiinp upwards (in ihe diredinn of Ift-Mr and 13-Mr) are called /I whereas ihe 
groups nr atoms pointing downward*; (away from If)-Mr and 13-Mr) are railed » 
(an arbitrary configurational nomcrnlo Intel The fi prim pi are demited by thick 
lines and the n groups by dourcl fines in ihe planar unurtures. Tliese designations 
have nothing 10 do with the axial or equatorial nature of the groups. Since, 
however, both configuration and conformation of a substituent in steroid nucleus 
ore fixed, a given er (or a 3) substituent must be cither axial or equatorial, 
depending on the carbon atom at which it is located. Thus in the Set series, ]-o- 
Ott is axial, 2-a-OIf is equatorial, 3-u-OH is axial, and 4-o-OM is equatorial. By 
dcfauii, me 0-OH on these carbon atoms has ihe opposite conformation. In ihe 53 
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li * tl , iJIlili O'lOllC fuf til /? 

R ■ E 1, jveanon* - 3 nr or p 
R * CHMt{CHj^Mt p choianc*5ior// 

R * CHMf (CH2^CHMt2i chcltildnt - Sif or^ 


H * 



fXXXII} 


C XXX III) 


Figure 11.17 Niimhcnnf in llrraiib ind mfiturjiinm pf A/EMritriJ and A/lkii rinj 


senes. 1-o-OH is equatorial. 2-*-OH is axial, 3^-011 is equatorial, and 4-a-OH 
is axial nnd so on. The two sets of designations arc best seen in the stcric formulae 
(XXXin and fXXXIlJ). The remaining; portion of (he molecules is the same in 
5er and 5fi series. Ring D, however, may have different conformations depending 
on llie substitution piillurn and Ihc nii.il nml crpiaiorjal mi lure or n suhsiilucnt 
vanes accordingly, nliliou|ih ils confiptimrion {/r or ft) remains Ihe some regardless 
ofconforrnntionaI change. 

2> Stereochemistry of rings A and H. The six bridgehead carbons of steroid 
nucleus are chiral and the number of possible stereoisomers is. therefore, 't i.e„ 64 
or 32 (impairs. Any substituent al a non-bridgehead ring atom doubles the 
number However, in natural steroids, the D/C and C/D ring junctions are always 
(with a few exceptions) trans fused which reduces the number of stereoisomers. 
The all-trans configuration of 5o steroids has been confirmed by X-ray analysis of 
cholcslcryl iodide (with a 5,6-doublc bond). 

The 5a steroids are more stable than the 5/J steroids since the latter contain 
three additional gauche butane interactions characteristic of a cfr-dec 3 lin moiety. 
This is consistent with the observation that c holes ian-4-one and cholestan-6^one on 
equilibration show and 88£ of the A/B trans isomers respectively. As in the 
pcrhydrophcnanthrcne system, both 5rr and 5/? steroids have a gauebe butane 
interaction among IVs on C*1 and C-l J. The axial JJ on C-l I is further sterically 
hindered by a synaxinl interaction with !3*Me, 

All the three cyclohexane tings exist in chair conformation as expected. 
However, in some exceptional eases, ring A may adopt a boat or twist-boat 
conformation as in 2a-brQmo-2/?-methy1cholestan-3-onc mainly to avoid 1.3- 
irtieraction between the axial Me and 10-Me in the chair form, and of course, the 
twist-boat in a cyclohexanone is not so unstable as in a cyclohexane, 

fn all natural steroids, the substituents on C-9 and C-10 have transofd arrange¬ 
ments as also, with a Tew exceptions, the substiiuents on C-8 and C-l4. The 5a 
series thus belongs to a trans^5J0-irantoid-9^]0-trans~S k 9-rransaid-E,l4-iraiu- 
13.14 and Ihc 5/3 scries to a rix-5.]{HranxfiiJ-V, 1 Q-trax^V-ircmmd-iy^trens- 
j 3,14 configure lion. The absolute configuration is as shown (Chapter 8). 
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preferred for an unsubs touted ring D and also for ring D substituted at C-17/J fas 
m normal steroids whh 17-aid e-chains). For 17-keiosteroids, ring D appears to 
eiistmiliesecond envelope form {XXXV) which has 014 below the C-)3 OJ7 
C-I6, C-15 plane and the C=0 plane at 017 billing the valency angled 
Jwtween the two 16-H’s. This is supported by the lact that the IK spectra of 
1 ,' a " d IG^bramo-17-ketraicroids show an identical shift (12 cm L ) in the IR 
carbonyl sighing frequency fJIannek mS, lilivi cl ill J%5). The half-chair 
conformation (XXXV]) with 013 above and 014 below the 015. C-16. C-17 
plane is favoured fur 16-ketostcroiils in which « mid ft M’s nt 015 and C-17 have 
psctulojui.il ur pscuifneguaionnl chnntcur as shown. The awjgtuitcnt is based on 
the shift of carbonyl frequency by halogen substitution of a'-J1 or e'-ll. The 
problem is particularly tricky because of the conformational transmission effect 
(sec below) which may alter the situation. 



(xxxiv 1 


txxxv) 


(xxxvti 


Figure 11.IS ConTomuiicfl of D ring efilerriirts 


ft may be remembered that for Jt-mciliylhydrirulanc. the cis isomer is mote 
stable than die (runs. However, in the skroidnl system, tl* f4 n (trails) writs 
appears to be more stable than the 14/J (cis) series as established from the study of 
1. -kctastcj'oids (equilibration data and optical rotatory dispersion arc consistent). 

*1. Oritnlnlron of. substituents. As in n cyclohexane derivative. any Mil^cilucnl 
other than JJ prefers to adopt an cqirntori.il position in the steroidal system. Thus a 
steroid a Icohol may be equilibrated to ,i composition in which the emciicirinl 



mfrodtPCfron of one or more trigonal atoms was lijrst observed by Barton and is 
quite well known in the steroids and oihcr polycyclic compounds. An explanation 
in terms of change in torsion angles of junction (Bucourt 1974) has already been 
suggested for this effect, A few illustrations* arc given (Figure 11.19) from steroid 


4 It rile i ffirrl previously is also 3 kind of slinri rflupc iWernuiimwl tisn-jiiiiainn c fieri. 
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FIe»I<M M, Ccr.iQrmi,i QrlJ l , ram „ Wmi 

! nc ‘ ,, J*“ E ,M P (shown bj a trows) 
benzylidcnc derivalivc'may determined h ^ ' h ' ralC 0f foimlli '>n of (he 
292 3 -Keiostercids ( a5 xXXYin abso ‘ plion band at 

-id 17/J-hydmayandtost.^^^*3^ 

«n.f MS rr«iw(ivcly (relative r,, hh /?'* of formation. IK2, ISO. 

a/^Ioids (Hid C nl 1965, p. 256 } follow J 3^J^S^“ dl aS ,nler P en «- «*■ 
IJ *4 Bridged nap systems 

become common the^npsTnd bHdped^^ n * more than **0 atoms 

r^d ^ m .j^satsss rcs t ?? dife *» 

brjc remembered). only d, r uli :,, n ;, nl ™ °" c or bo'h or the rings are 
is diminished (actuetiy halved) from Hlinl is e« * ""j 'e* number ° r stereoisomers 
** by I heir relanve 

sobsiiluent or a funaional g/o'up% he d Lh ,“r w "”** 4re 5ma " and a 
CAcellenr models for inmib-iim^ iha. , ^ ? a fixed lopofogy. They provide 

rcaeiiom. A pood manv natural woduee'tmh .He'? an<l I mehMnn. p f many 

bodged ring system,. A Tew are discussed emnh»^^ a,ld | h !' C,0<:ycllI: ' P** 5 ®® 

heplane and hicyclop-2.2joci.snc because nOw, lald on b «cxclof2.2.1J 

Studies. ne rccausc of .her importance in srereochcmical 

U4A ®( cyrln fI• I.I||H'I 1 lunr nnd l.ieyeM2.l.ip IP ,„ 
nicycfof1,1.rIrwrntnnc (Figure 11 . 20 ) j s 


(Mime 


H H 



IV smallest hrklpal ring system possible 
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328 Stereochemistry 

nnd has been synthesised. The two bridgehead carbons arc brought to dc 
proximity (ca 200 pm) because of very small endocyclic valency angles (72.5°), I: 
unstable and converted into M*pcnmdicne on healing *t 300°C. The next high 
hcmologuc is bicvclo{2.1.ilhcxcinc with the smallest endocyclic valency angle 
81.2° (Figure 11.20). 

11.4,2 BlcycIo[2.2.1 ]heptane 

The most common bridged ring system is bfeydo{2.2 IJheptanc (XL) (F^ 

//-At Azmtm fav /Ac frfvrjrf name mwimmatre. St7 caff of fa-cause of ifs re fat fee 

with /stm.raf/e^enrfavxunrs J2e t &&y/ztrrt7zi7!'&‘ offlfif syntetU Are discussed under 
ihe folio it fog Headings. 

1, Geometry, Jn ibis system, C-I and C-4 of cyclohexane arc joined by a 
methylene bridge forcing it to adopt a hmi conformation. The smallest cmfocydic 
valency angle is 93.0°. Trie system Is also considerably strained because <»r two 
eclipsed butane unit*! in (he boa!, although the fp-bs interaction in the boat is 
ahscni. Norhornane lias a G axis and two imiinalJv ix'rpenilinilar vertiivd <1 plant's 
and belongs to point group C&. Depending on the 1111 lure ofsulvfitumrv in ilu* rinr 
system, there may lx." slight twisting of (he initfeeide along (lie 1-4 axis as shown in 
ihc projection formula on the right. 



Pgume IIJ1 Bicydrf2.2. IJheplanei 


Six types of H*s are discernible* in norbornane of which those situated at C-2. 
C-3, 0*3, ami C-6 and designated Ifs, IU\ Hn. and I hi' arc .stcrenc heroically 
relevant, fl’s with subscripts A and A' have boat-equatorial orientation and arc 
called exo whereas H’s with subscripts B and B' have boat-axial orientation and 
are called endo. They are dinsiereotopic and their replacement by a substituent 
gives exo and endo diastereotrren? respectively. Ha and H«' (as afso Ffn and Ha'), 
on the other hand, are riuniiotopic. their replacement giving enantiomeric products. 
Thus monos ubslitution at any of these four methylene carbons gives 3 total of four 
stereoisomers: (±)«exo and (±)-endo although this creates three chiral centres, 
two at the bridgeheads and one at the point of substitution. This is because in the 


■n ry .w (SiF.CH!tKvf indeLiit iji-Siihu'-vliH'ii I \ A.l, 
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C2.** *' of isomers is h.,vcd. 

one (Xia known , ! SL"" 8 '"“I? 41 «■« ncbornan-2- 

one or more mcihyl proupsf which conuim'rw^b* " 1 °' ‘ lht atera “ of 
«™n’ only as onc ,w< ’ <*»»' «««s. C-l end C-4 but 

f± 2^1'en h0,nC M, < , XL " 1 ’ (0 " lY onc (± WoKXLri) end 

endoisomer.Thus whllnnll^m^rt'isc™"^!'JrM "° D '- r “ n,orc!13hl « lfc »"*» 
mclhod). cjrn-norborneol predominates 10 Hie ww"'’K™ d "^ P|W "‘ l * r 

endCMsnmer. Qir he. onfavnurehle inrmclion utl^" e “ ">0 

«ni«linn, however, is ,..vr,v t ,i wlwn r 7 k n ,hc . fn *>.H 11 C-6. The 

Imrirenls fFijure ||.22| „r which 7 |,„ rn * rl "- d " l *l*yt group es in 

Itan cnr/^wncol fborncol) (XLy m! 1 ,X .' V, » is 
composition to ihc extern or71 Wl f n *hir '■ P Animate* m the equilibrium 
nvcrhanpinp 7-IMe „ r,,Nhe e,o.oin„ ^f - U ' SIWic «“**» >«'*«» the 
cndo-OJi end iheendo-h-H in bo "ell. Kf, ““ r "™" rtm he,w “ 11 "» 

r. 


Cxuvj 



H 


<XLVI) 


fieurt 1 122 Cie.phor. ben.eol ,nd iiokimnS 

liihiiim aluminium IsycIK™(kf"en^hT'^,',ro] i'^v redut j^«> n of norc.imphor wiih 
Slable cpimer is formed in cnees.. (89*?TW« Cd, - h ” orbom ™ 1 < X UI), the less 
control which favours the annS If d!.' J , bm '“ of 1 approach 
for the same reason, when 

hydride, isohnrneol (exo-atcohntJ i. form 1/ uced with lithium aluminium 

«n approach Is more££52 ?££%££ £** * %% m h «« 

4s NorliomyJ CJ ,, lon . Tf J„ ' 10 pendant M c group a[ C-7. 

111 elucidating She mechanic of 5 Q\?c!fl^ C r ^on^rinb^d 0n ,m ' ,o:tan[ role 
of non -classical carbonrum ion of Winitein a <h d m ^ ^ U P tilc Concept 
chemistry MRhvn here; for details texts on r «fn ^ "?°V m relevBn| ^ stereo- 
itorty and Su^ j9S6; may be consulted 

£te S p;1/”trae» 

brosylatK rWiusilSy ^^h/«o ^a^te'^ud r bolh *'« ‘"^"“o 

pves IMS racemic and',„ optically n,'e"dl"h f’ 1 ’"". 1 " Y f urc «» b rosy late 
acetate, rteordinp. winst,™ .,„d vLIk, r s il'.ri’' '' ?' VCS 93 * ~»»fc «o 

- *- - ^ a 
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Rpirf 11,23 Kracitiin; (if nor|>i.>rrvl csifon 

which then delocalises io ihc non-classical one f XI Vff — vr vn,\ -rw* i - 

T° t r n ta *- 

sr s x, c v!,r ■ ?'xux harc : ^ 

rr? r V- * 

rs-tacStsss 

jmJJo [n ftn r'-r fsM nun,bcrin S or .he two enamfomcric 

C2C3 “fK" 2 ^ 3 

ssssas* - «■- « ^SfiSasssrs 

' ° prcftrt lhc lwo cnoniiomeric classical carbocaiiona with +ve charge 


Mn (he mbpbntjfbic. Sw2 flitrtunta mm* k> «unr t .i™, , , 

ncrninitian i9.ll}, cn ■Ewntwis In r mmmplcir 
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Conformation* of Cyclic S&tntr ;/W timf* amt Bridged Sinft Compounds 33 J 

localised ar C-I and m C-2 fthe former arising from a rearrangement) as reaction 
micrmcoisicsn Among other arguments (see Winstein 1972: Brown 1977)' Brown 
has pointed out that the exclusive formation of the exo products is due to a sterfe 
approach control the conca ve endo side of the classical norborny! cation hinderine 
c endo approach. Regarding the high exo/endo rate ratio. Brown success that 
an endo substituent experiences stoic hindrance f 9 ionisation by three cndo-ITs 
Not withstanding these arguments, the concept of non-classical ions in reaction 
mechanism has proved in be very useful (see also Dcslonjjchnmps 1983). The 
non-ciaKiajl iiorhornyi canon in supemcid media has actually been indicated by 

»c crtJSZSl 1181 " SP “ ,nl , “ 0 '* fc iB P,CSCn “ ^ 

5. Occurrence. .TticbiejtlofZZIJicpt.ine system occur in many bievdic 

r l ‘”'. o tr,,cr ' r3, *•* ’ “ m phor, boraeol, isoborneol (mentioned curlier), fenebene 
fenchonc, Gunpbeiu etc. (see any text book on terpenes). ^ 

11.4.3 BleycJb[2.2.2 ]ocf n n c 

SaSSi 1 ’ “ ". iD,ere '' i "« blid S' d ** wem (Figure 1124 ) in 

*- ZSZESS !* 1 by “ “ hy,e “ Tta 

proiora«u^'. jf h'itnc cfaST'tli™ c”™ h “ J 1 , the td J accnl ">«Mcne 

ftsass 

mfcfoonverring cnantiomea. 1 ^ mnwir y ant * c *>« rapidly 



H 


B 


hydrogens 
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each) located al the methylene carbons: all Ha's arc horaotopic as are all Hx's 
(exchangeable by the C, axis or the three C> axes). Each [vpe. however, is 
cnanuotopic with ihe other (related by a planes). ’Hicre is no distinction between 
endo and exo and substitution at any methylene carbon can give only two 
enantiomers. The two bridgehead hydrogens Hu belong tn the third lypet they arc 
homo topic wilh each oihcr (related by a C : axis) but constitutionally hctcrolopic 
mm Ihe remaining twelve hydrogens. 

In contrast, bicydo[2.2.1 pieplant (1.1) (with lesser symmetry) has si* |ypc*.s. of 
UL^mguisImhfi; liyJrogenK(Z) Jy|X" JU emuisis or Iwn Im^inl ;i[ the 

bridging enrbon which are homolopic with each other but constitutional!v hclero- 
topic wilh the remaining len hydrogens, fir) Types lb, and Hr,' (the four exo 
hydrogens) arc cnanliqroptc wilh each other (two tin's and two 11,,'Viue, however, 
homotopicj. (rTr) Types He and lie' (the Tour endo hydrogens) are related in (he 
same way 10 each other as Hn*s and Hn^s. The exo and endo hydroeens arc 
dia stereo topic, fi^> fhc two hydrogens Hr, on the bridgeheads constitute die sixth 
type; l hey are homotopic with each other but const! In I ion a lly heferotopic with (he 
remaining hydrogens, Hydrogens with identical subscripts (in both ihe ring 
systems) are hnmoinpic, hydrogens with the same subscripts hut primed and 
unpnmed are enanhoiopic, and hydrogens bearing dirrcrcnl subscripts ate con¬ 



st] tutionaliy hetcrotopic or diastereotqpic (so anisochronous in 'H-NJVfR). 

?* Bleycio[2J. 2 )oe(y| cation. Bicyclof2.2^JoclyI bmsylate (Lll) (Figtux 11.25) 


( LVI] 


Figure tSolvolyslj of t«cycr^Zi2J(xl>1 brasylilt 


•Tht teibraiium ion c*n ilao bo formtd difwtly from ih e bnwjhte 
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ocMHM-ylramngemcn't 0 "r?hf'b ^,! 1 , p lli "•' , blc J cl0 ( 3 ' 2 r ) 
noo-dassical carbonium ion woyfd be in n t;n»i .^* lc is optically pure, ihc 

formation from the former takes place liimirdh* * Cnan,,0menc form ^provided its 
achrraj classical carbocalion) andVth ihc efS * ™" Cmcd procci3! and not *» lh <? 
TTifa is what actuary bar J DS nJ^l > f^ CU UouId ^ optica]!y active J 

»«c P , 0 f n o„.,^^:^ m n tr^ w „ o,bo r ky ci ai i96, >- ^ £ 

stereochemical course of ihk reaction & fi an elegant explanation of ch<r 
11 AA OfJter bridged rin t systems 

n Bi '4cJo systems^ brid« fri ^ mtKnl va|Lc ' of 1 ^ and 

suffer from some angle sulfa Bi'cYclom*?^' e ™ !J? na£$ {n ~ D dwi&s 
w hich U-diaxial bonds of a cycfohexa^cLil-^Tt {Fimc ll2 ® in 

isomeric with norbomane and occurs in the l^r " throupf] 3 BfOup is 
pinane fLVJII), The higher hnmJ^ 0^ raI nronoicrpenes related to 

[3.3.|Jncmane (LX). The brier can in'ih^o 3 ! 2 ' 1 ^"' rL,X,and b; <3clo 
boil-chair (I.X6). and boal-boat (lXc\ Jr“ 5 onf “ , "”"<' n s. dair-chair fLXa). 

bondcd f *“™s «o «* ^— 

H_ W 


v 




r^ H H 


(LVIJ) 


f ivtn) 


r-100.5* 



M H 



(LJX) 




(LXaJ 


H K 
f LX 6J 




(LXcJ 


Hpire ]] f ii Sflme hicjthfJ.fli .nfoJHnr, 
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nBUirllJT Bic>-do[JJ JJJrnnc 

expcnmcntnl result indicate ibni there is no single energy minimum geomerlry for 
19 ^ bu l“" th“e conformera coexist differing al most by 0.5 kj mol’' (Engler et al 

symmetrical structure fLXIH hdrmainn to • w lc ^ 15 consistent with the 
(Ha and H„! a™ exchanacdlwnZr! fTf™ 1 ’ C *' Thc protom 

energy of iprosimatdy 40 kJ mol' 1 at -60?C ^ ^ Wh,Ch haS a bamer 




H, 


(LXIIa) 

F1 * n * t 11.18 Dicyd d( J J, 3jur.decant (mu mine) 

11,4.5. Hicyclo systems with he loro alums 

SSSSSs?? 5 -" “*■£ 

LXV]) is not large as e^denc^ hv rc ^ uirci ^ ,0 n ‘P >0 the boat forms ( as 
to N in ijie benzoyl derivative of rl? L m i fnill0 . n of lh{ ; t*r\iay\ f?roup from O 
formalion of norpseudof repine N-H and^ nti^ fL . XVI ^ fn ^ con- 

sanamka5SigSS5gg 

Tie Lrukdion i, i„ , bc COjt e f lims cF lhc IsJe pf Man , l(flcc fc njmf 
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berroyl million takes plan. The relative stabilities cri the chair and boat 
conformations also depend nn ihc nature of the subaiiiuents. 


Wf. 




fLXlJl) 




OH 


Hc«fr 11,29 » A„ Ui^tUik^rW 

i 1,4,6 Trl- liittf [mrycycta sy>[ L 'nis 

F 

*• "™. h " f bridgehead moms fc lw0 . „ ttoB lwo alom! „ 

hZi/V ! f ~ nd ' ,nc - vcla ®y SMms reason with three rings sharinc the two 

ora tT*' T S' W "T"* hm r,0 ' wllfr - |lkc sl tuciures and are called' 
p pcllancs. TTicsmallest member, IncyciofIII .Olpentane (LXVIII) (Figure 11 30) 

RTTttESS’f ( Tv nd WM r m2) - T^p-nciiSyfhi 

itt™ t (LX V h3S lh,ct>1 f0l]r ’' and ^membered rings in a single 

T ZrV^ ''V ,0 hic > d ^32.l]oclane (LIX in Ryu,; 11.26) with 

C-l and C-S ,n.netl hy a «n P lc bond. However. Iherc is one very important 

ZTlx.xZ '" “* <,rCI ^ LIX arc direct Z Z 
be I n I K t k” ,n “ fn,m a *"*" bond *>>b*l all the four valencies of 
h . | b " d F c l™' ! retbons are extended on die same side! This necessarily antes 

eonsderaWc angle strain a „d mala rlcsyslem unstable. 7 ®“ 
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C LXVfffJ 
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fLXXqJ 


Fimiff 11 -W Piopedfliifi ir.d id-irtuntafte 
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Jn a sccnid variation, tricyclo compounds may be fanned with four hridgehod 
atoms One interesting example is adnmamnne (LXX) so named her,use of 
frscm[>hirt;c with par* nf Ihe diatmond .MmcEiirc. h lias si jigfcl sEruedtre wiih a h: r* 
drj'rcc of symmetry Ta.ivfap four Ci axes. three C; axes, and .six it phnes (same if 
meihine) and belongs to point group T*■ This hydrocarbon lias a very hrph nurture 
poini i-flrC) ins pile of i« reJativdy faw mofrciilar weight The .strut lure has her* 
confirmed by X-ray tlfffcaciioi} and also hy synthesis Jf the number of hriiljrrhr?d 
alum* j.s further increased (some or iheur may Ik- uiij'lr almiLs idiiiilnl ewktl 
uijtJicr pnfycychi systems resuJl (for .some esolc-n'e Jmfaicarlifins nf ihew i von -<v 
!c Nohfe 1M74 .nnd Ferguson MWW), 

f or (lie nomenclature of ineycfa or pofycycla coin pounds (Reddy (987) first 
the targe*rmg {main ring) possible from the skeleton h written; secondly, the 
(ORget bridge is identified and the numbering starts from a bridgehead a lorn 
mov.nj Hong the fongcst bridge; three basic .segments (bridges) are obtained and 
the system is desenbed ns for bfcydo compounds; finally, the remaining connections 

hrirfl^'Sii * thc . J]cIp of L [h * nvmbcr <> r b ndgirg Atoms fin the remaining 
^ ! and using ihe numberings of carbons so connected as superscripts 
According hr ibis prrvnfure. iuhnimihmr Inis (lie ituiin ring ... mia the 

™ (L i\*° w ' lh a »>a S ic bicyckpj.lhm^ Application of Ihe 

final rufe gives the full name ns rricyclof33.J.l 3 r Jd«rane. (n the case of two 
equivalent ways, the one involving the (ower mimhcrs ts chosen. 

! 1 5 Summary 

be faiw!uf^ V C ™ T 1010 lh ™ IM. or mere rings mav ‘ 

^ ^ * T g - COmm ° n 3,0m ffor a ** ir of rin * s ) '■> pivc\piro- 

tahifa ih^ ^ ( m ^ b V° inCd ,hr ° Ufh IW0 which are common 

^ ° F COndrmC(J nn P compounds; and finally, any 
!"rnmm^ ^ JOinCd rh /r h aon ' ad i a “'« 50 that more ihan two atoms 

Z ZIZZV K *° bnd ? ed L n ^ impounds. The principle of conformational 

“,h" o r s ”r ihert / ! “■?“" i ,h«scni,r;« 

t^uld w f ™ ° ne rm ^ bcine ***"*»■* on the other to which it is 
odier Arn?»h C ° nlb r mflllon3 , 1 deformation of one ring may be transmitted to rhe 
er through the nog junction (conformational transmission). 

an[ | (” 3lr0n 1r , r ° r bicydic systems has been illustrated with the cts 
and trans isomers or decahn (dccahydronaphihalene). The genmetrv enthilnv 
n.rrpy, and .onion angle of junction of ench isomer have Ln S£w iK 

( IfMJ k.f mol ). rmnodutthi'i nr at.. im-tlivl mhtt.-s ihe 

diircrence fit one gauche. The cis and in [n > isomers of hytbindnne have rimilarlv 
been « Here M* difference in cn.h.lpy is | CK hll / Ihc Irans 

™re^ d He'ne fh h ll1 H S '' T,t,h r , ' ) ' <lnndj ''' " | - h > dn '"^none. ihe err isomer i- 
Jn ihere r **,™^? b>d,0<11 ' l , n0 ,nt ,n<f qu'noJisrdrne have been analysed similarly ' 

/n fficsf compounds, pyramidal mversfon at N also Lukes place. 

3 , Conformaironaf analysis has been continued with fused btcyclic compounds 
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•7 -—.* 

illusirainf w™^rt'it^ ""* “Jf™"* been 

previously '"= difrmm «* '"tcnXns 

me i.irpcr numberofeqJ£,* .'T.™*- 71,1,5 ,ht *■»«*» 

™« s lb hie: in cose ,u 0 . rfhit"", J "V ' 0 '? 1 in ri "f f »™ « 

U- »d IMU ’"T fUSi ° n - 

crnrral nnf cannot satijfy (he con freu ratio ml „w ^-^axial, finally, if tfic 
hc*ane chair, n hnit or arwiit-bnii firm U !< qM '' cmc L nf od °I™ng & cycle- 

Two such svs^nl "Sr? m ?: V— b 

b.ivc beer E iven special cmnhasfe b«nu«ir ’S ^ t,| cycl,i(Z2 2] 0 cl,iic 

reininn mecharisms and In boldine im^~ f h I lnl Pertancc in elucidating 
6. finally, „ nun,her iif <>Z r !,!■" , 1,c educept of non>c[assical curbocalines. 6 
I'e.f!., (mpjiric) and ? few MYLYcIrfVnviw m ’ h al#tJcl,<; and hcicmcydfc 

.ia.-„snlencM, ; ,svh.r„,ltS ‘ iVS " 1M «Kl 


Hrrcrfrtcpi 

* «* «*■». 7»| 

Allinger,N.L.. Tribble, MX,Miller,'SfA.si Jliens' ot SS ?™‘'* 

-r « Sint vo,r “ m **■ ”• “»• 

Nfcw Vo*. P “ S,C ™ Chemi,,flf *' l ‘ lJ -*• «*■ EL a*| Allied. N.L, Wife,. 

ris.. r i am-m , or Carbon Coa roiui.i-,-. Mtf:iii*.jrill n cw Yorl 

■$&:Z’VS- *** SJ -“ «■ -a-bSi**.. 

s^^issa s-sr* —• -* 

%Tc'-*'£? V ~r— *■*»* !*«., N *4* *”• 

fJ cVZ, 77 °'*™“ a, ' mi, "»- 5" 1 ™ & acwehenuney „ 9M) , Auv4 

ssssssost asssrtir - ~ - 

' C ‘ I^'ncw'yU?' ^ <HJ “ hII * hri ° f 0r * Mi<!a * mt **W An AJv ar , f «l T^ctnicf, Mnre«{ D*fc. 
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Chapter 12 


Dynamic Stereochemistry I: Conformation and IteaclivHy 


12.1 Introduction 

Dynamic stereochemistry is concerned with stereochemical studies of any rate 
process, be it a chemical reaction involving bond-breaking and bond-making 
(usually a high energy process) or simply a conformational transform a I ion involving 
in te neon version of conformed (usually a low energy process). It correlates the 
stereochemistry of starting materials and products in lerms of transition states and 
intermedia us. Conformational changes in molecules have already been discussed 
in (he previous chapters with occasional reference 10 chemical reactions. In this 
and iwo subsequent chapters, those aspect*: of dynamic stereochemistry will be 
discussed which arc concerned with chemical reactions only, correlating con¬ 
formation and reactivity on one hand and leading to stereoselective synthesis on 
the oiher. It has been long recognised lhat diastercomcrs differ significantly in (heir 
chemical reactions wiih respect to relative rales and sometimes even in the nature 
of products. No consistent ex plana Jon can be given to these phenomena on the 
basis of classical stereochemistry. The conformational theory not only provides a 
rationale to these observations but also predicts the relative reactivity of stereo¬ 
isomers. The principles of conformational analysis so far discussed are applied in 
this chapter to study (he effect of conformation on chemical reactivity. Some older 
Literature (die! et al 1965. Hanack 1965) on conformational analysis and a few 
recent taxi books on reaction mechanism (c-g., Lowry and Richardson 1987) may 
be consulted. 

12.2 Selection of substrates 

Substrates which arc used for the study of conformal ion-reactivity correlation may 
be divided inio three categories which arc discussed below along wiih the types of 
information ihey provide. 

12.2.1 Co nforiu at lonn II y rig Id d luster come rs 

Conformaliona 11 y rigid dijisicrcuincn in which ifrc reading groups are locked into 
two different orientations, c.g., equatorial and axial provide a direct relationship 
between conformation and reactivity. Compounds with I wo or more cyclohexane 
rings linked through trans ring junctions (and which therefore cannot undergo ring 
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3-10 Stereochemistry 

inversion) Tall under this category. Thus in (fans- 2a-dccato1 fl) and trom-2^ 
deealol (IT) (Figure 12,la), the OH group is equatorial and ami respectively 
and remains so during any chemical rad ion. Employing these two diastereomm. 
reaction rales can Ihui be measured fnr an equatorial it*) and nn axial (A u ) OH 
group. They may tie used as standard for con forma lionally well defined substituents. 




<in 

■W o.ij| 


H 





inil.i * oh 

a«» irI- d-hou; ij^ io.cm in 1 ! 

i vi i, v^eo 2 ci 



(VI , * * BH 


3tlfl(nlflCDll6n'|J F(| 2QJ (| u 

Figure 12.L (j) ConfofaurkitiaSty hgld ind (fc] iniiicgiik.ii; trains wiin ctaction, rites 


(rchsivr cr specific] oF i&ia) ind equatorial wmen 


A second .type of substrate which serves the same purpose is represented by 
cyclohexane derivatives wilh a bulky group such as i butyl fWtasidn and Holness 
1955). Because of high prefe Fence for equal inn I disposition of this group, the 
equilibrium is displaced almost completely in the side in which f-butyl is equatorial 
(the population of the axial conform er is approximately 1 in 10.000 at ambient 
temperednrc) and the sjflftfm is mmiinllv ennformatinnallv Iminopcnrcuis. Tlv 
(urns and ds Imuikis of A MnnyLycUilievanolH (III) and 11V) (I igmc 12.1b) an? 
examples of (his type*. The two cpimers show reactions typical of an equatorial 
and of an axial Oil (or any other group to be studied). Such a system is called a 
conformMionally biased or more technically an iiJiflffcown'r System. The same 
reactivity for an equatorial or for an axial substituent is expected, in theory, in Lhe 
tw o systems, U.. rigid and anancomcric.but is seldom observed in fact. The reason 
for the deviation (which is usually only minor) may lie in an additional 3- 
substituent in the mwii-decalins and in the possible deformation of the cyclohexane 
ring geometry by the presence of lhe bulky r-butyl group. The ana net? meric system 
is more commonly used for conformational analysis because of its, ready acces* 


*UntikC lllG rdnfcriHltECMjl. 1 T OGid HUilrmi I___ _ _ _ * * 
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Dymmk Sttmxhrmhtr, /: Cenfvmaim and Hcairi,, 341 

**■*«« provide 01 her 

Studies at ihesc sterns rrvcnl lhi< rraclions «i ^acyclic pcwitinru, L E _ „ m 

ror^hra* 11 ? ,ne C ir r!' 1 , ' CfU ‘ f!,,J ^ P KH:ccJ 41 a fabler rile fur fhc cijuaimiflhhnn 
Z l «vr'tr rtU ’ r '"* r ™ «T .he .ran, fsrvmcr 0 f clhy 

l 0nCC, ; rh ™ yb ' C fVI) in 7 ™ nxMiim hydroxide is 20 

fin fmTndVvr 7“ ™/ f r Jn ‘ Kntcs «rK»Uhlbw nl^lnhetinols 

^m C r rl cts 17 ™ T sll0 * n 1(1 ^ t2Ab ' The *H»lQrfd 

«rSL«? 37 as fa5t JS ,J]e «'al isomer while the unsubtituted 
cydohcxanol react* at an intermediate rale* l ™ 

l ? rel> in ri * id conformations except in exceptional cases 
dueTn oenr h l'n confofn, ' r “ fi *« l ln a '•»«*■ matrix or exists as an atropisomer 
thin i« h n * ai *f c ^l^ou,,<, 15,n ? le bond. The conformation-reactivity relation- 
ship an such systems is usually studied with the helpofdiasterwmcis (see below). 


12 . 2.2 Confotmafionally mobilt diasl^mmers 


For eonfottnationaHy mobile substrates, both cyclic and acyclic, the relative 

E*E"! V ,,T0 dl " slercoram dc f*">i ®n Ihc corresponding rales 
r h r C ? n!I UCn< confonnets and their populations in the equilibrium mixture 

equatorial and axial eonformets are often available from eon format Iona II v rim'd oi 
.uanoomenc system (a, dtscossed above). Bo, for acyclic molecules, “hoe ra"c, are 

0 risewWeh° ISV rJ lb L C '"' d l! “ >Mlr5i! " less huantitniivc. Two situations often 
fe hiehlv h “T!? lhc !"* lmcnt: (l) °" c of 'bc eonformets in each diastereomtr 
“SSS‘I"' Com ' ,il " !0 " of reactivities may be confined to those 
rat Cnnie” P ™ ded .' fl ' !tsSEr populated eonformets ate not exceptionally reactive 
W) Some react,ons have specific stereoeleciranic requirements and only a™mfo 

confomer ntj'ro In ‘ UCh ‘ i ' ua,io '“' on * fc 

“ P H mided by ^^‘riphcnylbuiyric add (Led nicer 
emhm /ixi ?f? ‘ Th f* C £ m ?!! md en5ts “ two dia5ie reamers, ihreo fVm] and 
(2™ jlnme« F lT rr 22 ' rKkncd Con for nisi linns or [he ihreo and (he 
cryihro isnmtn me repitxcnleil liy vm.i ,ind r.\\i ropwlively end) of which has 

Eve'E?' Ww " «“ -Me themhere f„oT;E^ 

Erv I ttte t„ Ex i°, pl ?“ ,n "" nf ; oi, . r «S"WriP hi,tty groups) and so contribute 
KSu ciiiiihhnum p» r uhinin. The preferred ihrvo struclurr fVm a ) has 

Mhvdm,« H« P VC,) I tla,C <l,c PhCi1 ' *">“!* =1 C4 and so cyeliscs (with 

Erleturc rx.?t, mJ ',h y '°J h ' (X) ' 0,1 ,ht olh '> hand, the crylhro 

“ £ (,X *> h:ls ‘be carboxyl group adjacent to the Ph group at C-3 and so 
gives a preponde ranee of the in danone (X [)*. 

ro^t^oSL debromination of meso-and <±>2 j-dibromobulane fan E2 
react,on) provides an example of the second kind. The stereoelccironic iacion 

if,llC of V,n " IXs ■« «m1 -Itivh in thi, ea* n 
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CO^H 
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l-'fyurc iUr Rinp-elmufc of ihreo and cf^bra isomrn of 2 .3,4-iiipitftjflbfilyefe ■£>£* 

requires ihat the two Br atoms must be amipen'pLinar in the reacting conformed— 
a condition which is satisfied 1 by the oonformcr (XNa) or the m«0 isomer (Xllj 
and Ihc confnrmrr (XMIj) of the (inform fXim (Figure 12.3). The reaction has 
to go through them irrespective of their ground stale stability. According to the 
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Dynamic Stereochemistry /; Conformation and Reactivity 343 

aSS^afasas aaft 

enantiomer is shown! (i anwan ih ?? h l \ Ta * c l ^ c * c ® Ve isomer (only one 
12.2.3 A single substrate will) (wo or more conform™ 

° f * —* * 

He conformers end on their " . r,£° U " d su,e W^'io" of 

even by the ration: ^ raC,K>n ™'“ W«tein-Hol«a IMS) , s 

*i flak, 

The equation fnmHt/Sn'ow *"?■ ** * ' LT S[ * ci ^ c Action rate 

conformational btrreor version is 3 5>5lem in wIlich (he 

con former pop*E^^ B ^ » U»i ihe 

conformen are possibTe— homo me nr - n „*i? JtI * lK l lJt th j reactJon * Three types of 
3 ). iromomcrkmnriinicn h !Kir.ve dl ' asiereon5eH C (Chapter 

all conditions nod so T* produc, > ^ 

Hteniicfilly under Jidural cnmlkion^ hm rrr. I "iwmcnc cnn^mmalso behave 

ituMcrainionV ainf ( irnirf% nfwji v% f m -i l ' nv" 1 * ! irH rr t- * Tlfnl conditions whereas 
A cemnplM^are 'a l^ltiry'iirc noii^uiillibn!li i!j>( nn'l Ac foe reacuntj ^ 

* ,W0 —*«* con- 
I enoiAiv). (Figure 12.4a) on enqmuiic oaidalion gives an 
a CN 3 0 H ° 


<ol —T'h 
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oplicjilly active lactone of the configuration (XV) <15, 2J?) (Gondbrand and Jones 
1977). Jf it is assumed that the enzyme fa chiral reagent) forms a complex only 
with one eunnliomcr (XIV') and further that it n referenda fly oxidises its axial 
ClbOll to CQ ; [\. i lie exclusive formation of ilie Ltd one fXVl is explained. As 
lhe reactive enantiomer is consumed, ii is replenished by me mobile equilibrium 
and, ai the end. the entire substrate is converted into the lactone (XV)—a case or 
second order asymmetric transformation (Chapter 7). An alternative explanation, 
however, cannot be excluded according to which the con forma Ilona 11 y mobile 
ctr- dio! may be looked upon in its lime-averaged planar conformation. The two 
CK.-Olf groups arc now enantiotopic and can be preferentially rcactca upon by 
any chiral reagent, eg., an enzyme. An analogy is found in the reaction of 4- 
jTielhykyelohexanone (XVI) (Figure 12.4b) which is achiral in both of its 
Conformations (due to the presence of a a plane). Bui when it renews wnth optically 
active 2-isoociyl nitrite, it gives a 2-oxyimino-dcrivitive(XVH) enriched tn one ot 
its enantiomers. Here also, the two methylene groups at 2- and 6-positions are 
enantiotopic and therefore react at different rates with a chiral reagent. 

Two other reactions which display enantiomeric preference in more unconiro- 
versial terms arc: (i) formation of an optically active eryihro isomer of H4- 
methyll5enz!oy , l>l,i-dioronio-2-(4-melhylphenyl)elhanc (XTXl hv ihe 'anti) addition 
of gaseous or liquid bromine to a chira! single crystal of 4.4 -dimethylchnleone 
XVIII) (Figure 12.5a) (one of ihc enantiomeric conformation of the achiral 
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Figure 115 CMwersitin of enantiomeric canfcumers into ppiically active poduoi 
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Dynamic Stereochemistry l : Conformation and Reactivity 345 

cbaloonc is stabilised in the crystal matrix) (Pennon and Schmidt J969) and fii) 
forma Lon of an optically active hexahrficene (XXI) through photochemical 
tmdzhve mig-ctac of Llic stilbcrc (XX) (Figure 12.5b), lire stilhcnc exists as 
two cnamiomcnc helical conformations (Pand A f) which are cycled by circularly 
polarised light (of 410 nm) at different rate* The helicity of the polarised light 
controls the lichciiy of the cnanljoiiiertodly enriched hcliwflc {UuclinrtH 1974). 

Ditistcrcomcric cojiforrticrs should, in principle, read through diastcrcomcric 
transition stales (o give either d intercom eric or constitutionally different products*. 
When (he products are non-equilibrating and the rate of equilibration or the 
conformed in the starting material is faster than the reaction rate, the products can 
be correlated to tbe rc<icling conformed both with respect lo their ground state 
population and free energies of activation of the reactions. This aspect of 
conformational analysis is discussed in Section 12.3: only one example, the 
dehydration of malic acid into a mixture of maleic acid and fumarfc acid (two 
diastereomeR) is given here. The two methylene H‘s (IJa and H,i) in malic acid 
i XXil) (Figure 12.6) are diastereoiopic aad each can be made antiperiplanar with 
■he leaving Oil group in the two diastereomeric conformations (XXJJa) and 
(XXIIb) giving respectively maleic acid (XXJ1I) and fumaric acid (XXIV). 

The observations apply to reaction which are kinetics II y con trolled. In thermo- 
dynamically controlled reactions, the product ratio is determined by the ground 




Figure fii Dcuniniioo of mdic iaJ 


'Jlomomcric praJucts miy alto be cbuincfl fam iwo diiilercDmcn when the reaction ii i(f«> 
iJpiiruciivt, I t, if ihe sicieocmire is *far rayed a9 in the cuidaiJon of cvclDhcnimli into cydo- 
tieiannnes. 
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siaic foe energy difference of the products concerned. Unless otherwise min). .)JU 
Sifb$eq(iet\t (/iscti^ibns trlair to kincitc.nHy controlled react ions, 

1 23 Quantitative correlation bdtvccrt conformation and reactivity 



quaYiluive terms although reference has been made occasionally to the Curtin- 
Ritflffltr ptinciplr and a we equation. The CurtirvHjmmcu principle iya$ 
proposed in the early fifties and so named by HJiel f 19621, while the rate equations 
were derived in (he mid fifties by two groups of workers fWinfoin and Jlolness 
1955: ElieT and Ro 1956) independent of each other and might better he called 
Winslcin-Eliel equations*. The Curiin-llamnictt principle primarily correlates the 
product distribution with the transition state energies Tor (wo different reaction 
pathways followed by two different confortncrs of a substrate giving non- 
equMEbrating products and points out the inappropriateness of equating the product 
ratio with the equilibrium constant UC'l pf the ground slate ennformers. The 
Win stein-El tel rate equations correlate the overall observed specific react ion rntc{ty 
of a substrate fthc so called empirical rale constant since it refers ro (he reaction of 
more than one con former! with the specific miction rates of individual conformed 
irrespective of whether the products are equilibrating or norvequi libra ting. At one 
time, these equations were extensively used to determine the conformational free 
energies Together, the Curtin-Flammcll and W tost tin-El id treatments five a 
quantitative analysis of the conformaiion-rcnclivily relationship. Ikuli apply in the 
same kinetic systrm represented in the must simplified form, as follows 



CE3 *q t 
'CAJ ' * eo 


end «^gi f q 


In (he system. Ed nil A refer to I wo conforiumof a suhstrnic (E) (for example, 
the equatorial and axial conformed of a monosubstituted cyclohexane) and A- ( and 
k* are fhetr specific rate constants leading to two different products Ps and P*. 
CCspeciively. which may equilibrate fallowed in Winslcm-FJicJ system) or m.ivnoi 
equilibrate iCurtin-Hammett system). P refers to the total product while A« and 
k„ arc specific rates of conformational in irre on Version. A restriction is imposed on 
the system, namely, that the rate of in (croonversion, of conformed fJt«. Av*) is 


*Jn ihe lucrjfyre.( cuiek^i pewnflv kn ^a m Winiinn-Ht’lntsnjldlkfl, Sul$inctthereii bo 
KW e difTcrciire how-tm ihii equal Ton and ihe wie deriwd by EJirl'i pvvp. ii recir 

Pprcnjiaiic ip refer to Ihr * quaiiorr n <htr iVinsLrin-EJid cquBliori fram I he namot of ibe wo main 
of Use Wo rwifinjiiof labomprics. 


in i n-ci DHF rnmhinfi nrilv 
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much faster than their reaction rates fjk l \ _«„ - .. ,. 

but not uni venal ly true. “ assumption *hich is generally 

12.3.1 IWmteln-Hjcl eqamfortf 

empirical T “T®? mrrelaiil >8 t*e overall 

with the specific rate e£E !£iffi ?L\ T**"?*** ^tetratc (S) 

product formation «?R £?[ £ ,ndlV,dUi, “ nr °™^ Thus the total rate of 

ifn _ dJlV] d\r A ] 

e- e dl <*t dl 

ct] nation limy |* rewritten **: ‘ ^ wnft,micr A 1(1 P^uct V A , the 


Or 


* JfH I [A] | ft v [li] | * B i A] 

A=*,_ig- , . __[A) 

[E] + tA] K [£] + [ AJ 

= i’ 5 n e + ktn, .. (1) 


££"* 11 ,hra ««* - — 


Given 

Hence 

Replacing 


[si-iei+mj jt=-|a. w[S)=jriA , 

* fsj = * ([E] 4- [A] J = Jt^ [El + It, [A] 
rm by -AT f A], 

ttlXm + lA)) -k,K f A] -f- k t f A] 


Or fcs3 *,JC+fc fc-jt 

/£ j i or a = . jjj 

““*[ out On JiviSTLd f sodo m’nu r ;* ( " in ? molcmbr reactions) 

»“srr i " , ° ,h ” ib " - ■ 

sstm sssS r? ^ 

(III). flV), and (V) m CTIe [I M of the three cycloheanols 

A-o„ a, « for ~ 

Ko * ~ f 2 - 89 - B.37)/(8,37 - 1.0.65) = 2.4 
*'nw rrutEimi MMIftl bMvrlh. i.. Ul.rlfc r . rrMwl .. 
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of cyclohcxyl 105ytrue, the equatorial confnrmer can nest have the tosyl croup 
an tiperi planar with an adjacent hydrogen and so is unable lo read—a fact also 
confirmed by the lack of reactivity of tfarw-J-r-butylcyclolicxyl tosylnle (XXV) 
(Fipinc 12.7) under similar condition. The cis isomer (XXVI), on the nlhrr band, 
reacts Willi a specific rale of 7. IX IQ ’l mol ' icg ' ai 75°. The specific rale 
constant of cyclohcxyl tosylate (XXVtl) itself is 2.4*10'' (same unit)* .According 
In equation (2)* the value of K is calculated ns follows: K = (7,1 - 2,4)/2.4 — 2 r O 
(EM and Lukach 1957). 



IXXYH (XXYEIl 

U* 0 i a =T.ixi5 3 » ij.nio 3 


flpat 12.1 Climimiinn reaction af cyilnliMjl lobbies 

The kinetic method of conformational analysis for whicii the equations were 
originally derived hn,< become now obsolete since the true rallies of k r and k t are 
difficult to determine, most ol the models giving unreliable data. Conformational 
equilibria nowadays ate more directly and precisely determined by 'if- and n C- 
NMR spectroscopy working al high fields and low temperature (Chapter 10), 
However, molecular properties other than chemical reactivities such as chemical 
shifts, coupling constants, pK values, dipole moments etc. may also be used in the 
Winsttin-Elicl equations although the doubtful element regarding the use of 
Appropriate reference compounds still remains in iis practical application. 

12,3.2 Curtin-Hammett principle 

The Curtin-Hammett principle applies lo a conformmionally heterogeneous starling 
material with the additional restriction ih&t the products must be non-equilibrating 

TSL?“ ° r 0“ principle proposed by IUPAC Commission (Gold 

1983) is given bdo\v (see atsn Sccmart 1986): 

In a chemical teacdon that yields one product from one conformational isomer 
and .i different product from another eon formal ional i.iomcr (and provided itiese 
two isomers arc rapidly interconvertible relative to the rate of product formation, 
whereas the products do net imerconvert) the product composition is not solely 
dependent on the relative proportions of the conformational isomers in the 
substrate: it is controlled by the difference in standard Gibbs entries of the 
respective irarsilion slates. It is also true that the product composition is formally 
rclaied to the relirtivc eoncenlralioin or ihr n inform at ional burners fix., ihr 
con formal i on al equilibrium constant) and the respective rale constants of their 
reactions: these parameters are generally—though not invariably—unknown. 

The principle is explained with the help of nn energy diagram (Figure 12.B) for 
reactions of a substrate (S, with the same specification as in the former diagram} in 
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-(3) 

•«) 


,, , " “ H '" L ' ■ *-wniB-iiiinTneti ijUfin 

-?£ , ,h = ** -» 

energies is derived through the following equations; ^ tT3nsibon ***** 

^/iiZi>=_tia - k, r 

dl * km [A] ~~ K 

or JjVl_ _ ., A - , 

~ ^ [P*J . -v 

x d T E,rioe ?**£*%?*• vate fw 

Substituting the* ^ UC3 in one l obtajnSit * = ATe ^^ /RT 

* 4^- = c (+ AGD “ ^G* + AGt )/rt 

s= c _(AG £ - ~ AG e J/RT f5 v 

= <r«2 -Gt )/RT . W 

_= c -dAGt/RT (see Figure ]2,8) . 

qi™R CrJCrndcri1J <A) mi > * Hue for eenfomc* 


Scanned by CamScanner 

























} 


350 iS MTtochemstry 

The finnf cqunlion (6) shows that ihc prcuUicl rnlio is solely dependent on the 
difference ill energies df the two iransilfim .'thitcs nut I iv mmi-Jrri ly iiule pen* lent nf 
the difference in ground slate stabilities of the ennfurmer*. Ilimrver. in cqualions 
(41 pnd f5j, K ns well as AG* arc involved. Tin- difference in absolute Tree energy 
of If a H.sii inn slate* is generally difficult to jisscw eipcrfmrriifllly. Un I In 1i3 fber JmiiJ t 
conformational equilibrium' cnn.-Uniii (A') can be dclermiiicd accurately and in 
many cases, specific rate consents of the conformed may also be available at least 
approximately from model compounds. In Ihis sense, equation f4) which is a 
modified form of the Curtin-Ham me It equation is more realistic. The Cunin- 
Hamtnett principle and its various extensions have been reviewed (Seeman 1986* 
19S3; Zefirov 1977). 

In most of the reactions which correspond lo Curl in-Hammett systems, the more 
&(ahle cnnforiYier Rives the major product and it is difficult to prove whether Ihc 
product ratio rmilljs from the conformer population ratio or fmin ilic difference in 
free energies of Ihc two transition states. Two illustrations are given here in which 
(he more abundant product arises from the less abundant conformer. 

I. JWmfjiullon hi dlriiclliyks-lJiilyfiimJni: oxhk. Suitably suhsliltikt) amino 
oxides eliminate hydroxylaminc on heating, through a S-mcmbered cyclic trims lion 
state involvina a hydrogen alom cis nr gauche lo the amine oxide moiety. hi.N- 
Dimethyl-j-butylaminc oxide '(XXVIlt) (Figure 12,9) gives, along with 1-buiene 
(major product), a mixture cf cis- and butene in a ratio of Ji2 (Cope el n 

1957). The two conformcrs (XXVJIla) and (XXVllIb) satisfy the requirement of 
(he tix-elmtination giving cis- a ad frn/ip-2-botGse respectively. From steric con- 
sfdcntian, the ranformcr (XXVUIb) is less stable than the other (XXVIIfa). (see 
interactions NMei/Mc in b and Me/Me in a). The predominant formation of 
toms-butene thus cannot be attributed id the ground state population but to (he 


JUbCHj — Cll[Me)-NMfi2 




MtgN—Q 



[XXVIIfa) (xxvmb) 


figure 12.9 Elimination In N,N-di™ihj[^ 4 uityliuiriiTie oriite 
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352 Stereochemistry 

tattcif m Chapter 10 provides such examples lo which the Curtin-Hammed 
principle is not applicable. 

s r*!L ™u bC mCntf0r1 ^ t in 0Tdcr 10 6is ^ 1 an y confusion in under¬ 
standing the Cun in-Hammett principle, fn (he case where SGt = AGf the 

specific ruction rates of conformed A and E are the same and the product ratio 

would reflect the ground stale population of the conforms In the other case G* 

may be equal to t* and then according to equation f 6), the product ratio would 

be I. Since the absolute value of free energy of a transition state is never known, it 

is the ratio or ihe products which gives information on the transition state enerev 
and not the other way round. * J 

12.4 Conformation, reactivity, and mechanism : cyclic systems 

It is clear from the previous discussions that the difference in reactivities between 
any (wo stereoisomers or con lor mens depends on the transition states through 
wlndi they rend. Two (actors are generally of importance in determining Uie 
stabilily of .i transition state: a sicric factor and a stcrcoelcctronic factor. In the 
broader sense, the sicric factor nor only indmlrs van dcr Waits repulsive 
interaction (slerie Imul ranee) but at mi si rains arising uni id timid impfe and huid 
rnglli disioriions. Oilier factors such as torsional si min. electrosta tie inicmeJions. 

H-bonding etc. also depend very much on the sicric disposition of atoms and 
groups concerned and may be considered along wiih the stone factor The 
stertoc led ronic factor, on (he other hand, arises from the delocalisation of 
electrons (usually a pair, bonded or non-bonded) or, in terms of orbital theory, out 
of overlap of orbitals in the transition stales, ft is so named because such 
delocalisation (or orhtial overlap) depends very much on the steric disposition of 
the electrons concerned (or orbitals holding them). The stereoclectronic effects 
manifest themselves in (he form of certain sfcreoclcctonic requirements which must 
be fulfilled before ihe reaction can take place*. Thus in $*2 reactions, the 
incoming nucleophile, the centre undergoing substitution, and Ihe leaving group 
nuisi he c<>1 linear; in E2 reactions. the four reading centres involved must be 
copl.mar with the two leaving groups preferably anti to each other across the C-C 
bond (i.c.. antiperipJanar); in molecular rearrangements, the migrating group is ami 
lo the leaving group; in a nucleophilic addition to a carbonyl group, ihe 
nucleophile approaches with an angle of I J0° to the carbonyl plane; and so on. 

The rationale lor these stereodcdronic requirements may be belter understood in 
terms of molecular orbital theory (KJopman 1974: Dcslongchamps I9S3). Thus in 
the transition stale of an Sv.2 reaction, (fie central carbon atom is considered to be 
sp : hybridised with iis three fixed substituents (R, R,, R 2 ) occupying the three sp- 
orbitals. The remaining p orbital has one lobe (the right half in Figure 12.11a) 
overlapping with ihe orbital of the leaving group and the other Jobe (the left half) 
overlapping wiih ihe orbital of Ihe incoming nucleophile. Molecular rearrangements. 


*Thc Jicfeodtaronic effect ]iice Jitfric effm* al>o npcrsfr m ihe firmed sinic yUnTimp ihe 
Ihtim [’‘dynamic of She product fwc unojncpic tfita. Chi pier J0}_ 


Scanned by CamScanner 






R R l 


Dynamic Stereochemistry I: Conformation and Reactivity 35.1 

J--. , . 11 . 


H, 


<§ 


s c 


M 


<s 


Flfiure Jill f a > 50 MJrcfd) F2 [mnsmon JUtr 


** «* »*« «■. **, 

leaving uroun Fn Pi r ~.~^ ^ ® F^up a lucking from the Met side of ihe 

10 maintain V continue ^rl^hemee «"«*• is required 

froups fir and X in riaure 12 f fh] xki-h\ u* orblLlls °f lhe two leaving 

douWn bund. fl., lh „ nl f 3(ld 'Sons X rf IT,' ** ' S> ‘ StCm 0f lhr 

- - wsr 

eaircmcly difficult flack nl conhmri/vl n * 'u ** ‘i!’ ° ,lK '' an ^ ™COon is 

elimination, which proceeds through n liy^cmU'Jcvcfc r'" *- ' h< ™' 11 “ 
fraups to be eliminated must he cis or gauche. ^ X Iramuon sune. the 

meets of Ihe fTOUps'doecdj'lnvolled in rticineiVihn ?” fofIre “ lon “ l requirr- 
ibe conformation!] «|!S wnfc X a2LS2? n ' Wlfc f «'°' <*&» <o 

Ihe feasibility of a reaction nnd pertains tn ‘t Y ^ DU * 3S ' former determines 
■I.C ecu, J sicric lnd i he detenniucs 

penains to its reactivity Conformii;™ the reaciion and thus 

Cyclic molecules. panic.laM y ^cb° '™.' l->» both facto., 

conTorniilions, provide good suteirates W, ?. 1heir Hdr defined 

con Forma lion, reactivity. and mechanism. & ^ 5TU£jy ° f fn,crTdllJ ' 00 *^P of 

I2.4J Reactions Involving exocycJic alum* 

cran d ^hol do not 

reactions the siercndcctrnnic hdnr his Imm ^ * 10ins or * rou f*- In lh «« 
Actors openic. In F encrnj ^ e!nnm^? ^.! ***** nnly stcric and other 

one and so is more relive as illiwtra[ed7n h *W tnl Ti?' hintirfcd lhan ™ Jixial 
rare determining s,e P is ,„e £?" 21 ' '* W-W. ,hc 

nucleophilic addilion to (he ingnnal carhoo ' C<, ' 1 '’ cdr; ’ 1 ™ m pl« by 

effective bulk of, he ester gronZd ,uh e sai^- ^ T1,is inc ™“ 

" ,vhKh “ ,urn increases -he de g rec of ^v^ 0 n ^ B, ' ,3r,S ' '" ?4 "' T ch ^' 10 
jroup Ihus becomes markedly urea ter in ihe C rf() " lreI,lcnl of Ihe 

- - - slower n ,c ,b. 1n ,e 
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diAgramiitically in Figure 12.12a an<J is a typical caw of sierie hindrance. The 
following points niny be noted in ibis connection : 

-*G O" 

r-cCT + h(T-+-r-CstOh 
'QEt 


! 

E 


OET 


AC, 


ac; 


:*-TTg 


to) 

AG^ <AG^ 
tsleric hindrance) 


1 


©St¬ 


ag; 




j AG 


lb) 

JG' > AG* 
(sierfc oiiisionce} 


Figurv 13.11 Energy diifrinf (a) ucric hinilnnec; [b) Aerie •uijionx 


(0 The difference In the rates of a reaction for an equatorial and an axial isomer 
is diminished it Ihe site of crowding moves away from the ring. Thus for 

the sponificniion of Jw-butylcyclohcjcanecarboxylaies and of 4-i-btitylcyclohexyI 
acetates is 20 and 6.7 respectively fin the latter, C=0 is one atom removed from 

on. 

f/7) Substituents at other positions of the ring especially an axial group at C-3. 
usually affect the relative rates qf reaction of Ihe equatorial and axial isomen. Two 
examples of opposite character are discussed below. 

In Ihc I wo cpimeric esters (XXXII) and f XXXIII) (Figure 12.13) belonging to 



fXXXN 



Rpire 12 J 3 Ef7cd crsmiial mEeragticin in »pmnEfleaCinn 


the podocarpanc and abktanc scries of diteipcnes respectively, CO;Me is axial in 
one and equatorial in the other. The already slow rate of reaction of the ixbl 
rarbomerbo.tyJ group in XXX77 jj stilt further reduced by a synssiw) iiticiaction cf 
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In ^-“aiojy-So.JijTjrojvrtoi,;,, rvYYiv^ ° and “PoniUcilion. 
*n>up n synaxial In thf „ r(ll ,™ XV '. r, - 1ft,ar stnwiire), the acclojy 

molecular H-bontf. The ff-bood LfJS" l ' fo ™»lion of an iatZ 
where (he other oxygen £££ ^ longer in the transition state 

fa?1« lhC ,KC nr!sy ot Option ,-s cons Hblv'^' ““H? hjd,ol > sl ' J * » 
for 3^-acerory derivative and the former un hL*!” a ” d fof 3tt '»«lory than 
Substituents at the adjacent marin : ^ ■ hjncfror > scs fetor, 
cample ; th c sapnirj/ica,^ D [ an e-cq^ ^ reL,0Vc «*«. For 

lhan by ad a-Afe: an e-Mc retards ih* Z* r ^ mort * n adjacent e-Me 
omF° f n C ? Ak Wdlbe^nd£ «£ c ' C0,Me m “ ch ™ re 

energies of a/ixfc*i’d = n°n eJZrill rijT* "'•' * m:renf *'^ground stale f m 
SUM. Figure 12.12b explains such a srinmfoT “ *£"‘?, r ,fun <» the transition 
comparable in ma^iudc Wl “ re " le ,ransili °‘> sale 

With ns higher pound sme lariat isomer 

stem assistance or sie.ic aealerrfon Faenl' / t' n,t ™ J “ l "™» as 
pcjsitions arc rare fscc ig,‘ c J C | 3 f " p of 5UC * 1 naefioii* a | cnocycfic 


12.4.2 Nuefrnfdiitir m.belli,reaelfon .1 ri„ c 
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I. Sol rrti^iU. Ti . 
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sltown vrith tie subsume RX in , „ned ^ 
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s w z 


RX ^ R + XV* R II X*-^R* + 

f f \ 

S«V#nr Free \ 
i*puroiccP fcnpfllr 5..J 
ion pair ™ 


t 

ion pe/r 


If a reaction takes nfacc between JfY ma „ 1 ■ L 

<l>eS,l endof the in<!ZiZZ» u ™ a ™ * ,0lv ' n,) 

formed from both lie ariat mrf ,™' ? . ommo ' 1 “rbocstion fasXXXV)is 

^rameomes^d M f&k nSfiStT? !**«■ 

state energy resets &*r. Tta .^1 ^“'^»**'" 

Jransiljon itate prnvjdjnp J( ^ n > ' -° f fhc ?* ! f ! Son,er « rcLcved /njhe 

3/id cthano/ysiaj of the 4^bLryfcycMre*vf OLri *!™ ^ fonuo^ 

varying from 4.0 to 23 which corr«iW (o , Jif* f JVCs fl r3lJ ° of 
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picture is, however, oversimplified nod (he c&fbocation (XXXV) it very seldom 
Tree from (he counirr anion ns evidenced by (he fad (lint the products of solvolysis 
from the two epimers Arc not the same. Walden inversion usually accompanies the 
reactions and the axial isomer fives a fair amount of elimination products through 
E2 mechanism. Nevertheless, there appears to exist a direct correlation betsveen 
reactivity and the sterio congestion of the leaving group in the ground state. 


H 



(XXXV) 

Figure 12.14 Tnisiifcn acute of 10 SkI rrictiDD (cydoliciil vyccm} 

2. Sn2 reactions. The transition state of nn Ss2 reaction involves a pcnlaco- 
ordinnted carbon atom to which the leaving group fX) and the incoming group 
(Y) arc partially bonded (Figure 12.1 IV The main interaction is between Y and 
the two axial Us in XXXVIa and between X and die two axial ll’s in XXXVIb 
for the trans and ris isomers (Figure 12.15) respectively, [f Y is bulkier than X, 



.tr 



(XXXVlG) 


(XXXVIb) 


Fll^ur^ 12,15 TifLfnJtK>r irnlrinTAn mrrinri fryrb >hr i 

XXXVffi is of hiphrr cncfgj th.in XXXVIb nml the cqiniinrul i^nmrr irnris m j 
filnwcr fjito ^ II ni-iy also ntJtcd Lli:ii l>rpii^ of the iii^hrr Kmimd mmc fftrrpy nf 
the axial isomer, the activation energy or the axial isomer is still further reduced. 
Thus for the 4-r-buiykydohexyl bromides (XXXVI. X = Dr), the cis isomer reacts 
approximately 60 limes faster than the trans isomer with sodium thioplienate 
(Y=PhS ) in aqueous ethanol. If the incoming group and the leaving group 
happen to be the same (displacement of T by I*"), the difference o[ free energy of 
activation would be equal to the difference in ground stale free encrgy.f 
3. SnE reactions. In an S*i reaction, the nucleophile forms n part of the ion pair 
and attacks the reacting centre from the same side of the leaving protip with 
retention of configuration. The amine-nitrous acid reaction in which Nib is 
replaced by OH (see ion-pair XXXVII in Figure 12.16) has been studied 
extensively and it has been observed that equatorial amines usually give equatorial 
alcohols almost exclusively (somelimes admixed with a small amount of the axial 

* Of course, the C-J£ and OY ^lisunra in the Iranriuon stales sn- also la be token into account 
t BimdceuJjir dcclftydiilic lutalilutai CS^S leadi la rcIcntionwvJ is not dimmed hm. 
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fXXXVHl 


Figure JUfi 5[ere«hefflHlfjrorarnTne*niiiininici[l ruclinn 


isomers), Tims men ihy'la mine (c-Nlli) gives mcntlid (c-OH), carvonicnthyhminc 
(r*N'Hj) gives cirvomenthol (c*OH), and 1 for 2cr Vamiiio-J'w/rj-dccaliti 
lives trans-lfl (or 2a)-decalo1 (e-OH) all in high yields. T|ie reaction of an axial, 
amino group, on Ihc other hand, often leads to n mixture of olefins (due to a facile 
E2 elimination), axial alcohols, and equatorial alcohols indicating that no single 
mechanism operates. 

4. Sn 2" reactions. An ally lie substrate, e.g., R-Clf = CH-Cflj-X often tutdci^ocs 
substitution reaction wilh alfylic rearrangement through an Sw2* mechanism * All 
evidences point out that the incoming nucleophile approaches y-C from Ihc side 
syn to the leaving group. Thus the 6-alkyl-2-cydohexenyl mesEtoates react with 
piperidine stereospccifically. the ris isomer (XXXVlir) giving the cii (XXXIX) 
and tracts isomer (XU giving the irans cycloheienc (XLI) (Figtiie 12,17) (Stork 
■nd Kreft 1577; also sec Mipd 1980). Tlic stereochemical results may 
be cioliiocd On the basis of the foltowiripostereoeleclronic arguments: 




rxxxvrn) 


(XXXIX) (XL) 

* * i-Pr , Ar = -CgHjMejj r Y = —tf \ 


(XLI) 


Flsurt 12 . n SieffwJieintstrr of 5 , 2 * ie»ofon 

m'sersarri ts ' 2 ?r t zzsr 2 a * ,et 

clion pair at C-^ which m imu is antipcrjphnar (or nearly so] to C-X bond the 

io a^twist*boat^amilionTiate*.(XUIITb) S folHh 

151 ry aild * lv " lhl! «">c ris product (XL^)t. n,, mreluntafujitough 

i* St * t ^ . .. ” M »“*«*» ,b> 

A pnun. *c •»wnM >Hr»d lading ,□ . , fJ1 , M ,, fcmrat 
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The reverse process, namely micleonhT ‘ C °" f ° ma ' io '' bf 359 

s«2 reaction wi'ih thl j it y ‘ DUqko P hl7,c opcnine rh-. ■_. . 
molecule. Th^ nifrie. rt rvhi J ^? ncc , * llf die JcaWnp" tmim f°* lde nn £ is sJso an 
<!» rear ri* of the oridiW' m “ !l “Prirojich eitlfe^of 10 'ha 

XLVI is J.S "' hnkage (fi of XLV ) Surh „ '"O™" W 

dared .rrowlT^ T by " "■» »"°w) and a, c“, •“ apPTOK:h 11 C-l of 
product (XLV(I) w k^.L f T * ad ‘' lfl a chair-lifcp transition *rar pj 'ai-cl (shown by a 
Trie pa„geI an™ 7 "’ ,m * ^rtnii^ZTV^ eins ““ «*&l 

fXi.Vlli ™ T™' 0n “ ,c '" h « hand, ™.a' .““'““"'"K'Pwitfcbybaao 
Ttie chair-llltn do .’ l tl nr, °w) and finally lK „ , 1 wait-boat transition state 

« famed p'S “ *?' « hCfoJSKS f *X 

hat ween Me .«7l? „ L "°" t,cr ' if « * Me. •"« XLVH 

prednminnlc, TTtns linih anr, psrallel approach nn t | |h c ■' rrflt,l<ln is act op 

In the ease wh( „ „ . , * ' product (as 

^ lh i.fr id 'd' i ' i t“ ” 4w ™ s b fo ™«> 
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farmed in preference to n cyclapcntane through a spiro-type transition stale (L1V 
to LV)*. Tlie stereochemistry of the products is such that CN (which becomes an 
elTeclively bulky group due to complexaiion with metal ion) is trans with respect 
to (he Alcoholic side chain (<ec Dcstangcharnps 19R3 for discussion). 

12.4.4 Addition reactions In double bonds 

Addition reactions to double bonds arc also subject lo stcrrorlccIronic control and 
are discussed under different bendings. 

I. [■'Irclrophiiii' nildfilnn. In an clLvln]|dii[ic nitdllmn fraction, an cIcvErnn 
deficient spi'fiw such as |tr h (ii may even Ik ji radical I adds to I he double bond 
formirifi a cyclic intcrmediaie, c.j*., broiiiEJiiruni ion. A nuclei! pink 1 (often the 
anionic caunicrpriil of the cFcciruphili') opens lip [hr riuj; ;i|ipr(vi(.flNi^ from I hr .side 
opposite lo the clecimphilc (similar in ihe ring opening of a pmlunalcd cpoxidcl 
and a tram di:i*i;il pnxJuel results, in the ruse of eye lobejenc dcrivn lives. This is 
demonstrated by the conversion of 2-cholesicnc (LVI) (Figure 12.21) into 



RguTt IL21 Sicruckmiiiiry ot nljicipn 

dihromncholcstane fl.VIff) and into 2/Mtydrnxy, 3o-hrnmncholcst,ine (MX) by 
i real merit with bromine and hypobromeus acid respectively. The intermediate 
bromonium ion. LVIt) is common in both ihc reactions. The diaxinl dibromidc 
(LVT1I) is iso merged to the more stable dieqttotoratl dibromidc (LX) on heating 
presumably through the same intermediate (LVfl). The bromohydrin (L1X) on 
treat men I with base is smoothly convened into ihe 2 fi. 3/3-cpoxidc (LXf) as 
expected. Minute tjuamiiics of the dicqmtori;il addition products arc always 
obtained conceivably through the twut*boai transition stale which explains 
isomersatiort of (he dibromidc mentioned above. 

2, Nucleophilic iuhfJfion. Nucleophilic addition lo an isolated double bond is 
very rare anct the it sysiem of ihe double bond is electron-rich. However, in 


•All ihE'iJinc rinp-ckMurei menlioml ihmc art allowed hy lUhfwm ruin f»7£) ami arc ifcflijuMrij 
Klflrclivtly ufrEin-Ttl. 5‘EifrTcl. aivJ 4-Ffto-Trl fllir Mimfiil ilrnoln Ihe rinf *\tc lliftl !<^nn|i 
in be forme if. Ihc Icim «o Uf en.f.t .Lr.nJr- wf.nhrr ihc Ihmi .1 I™, limlen it, ,* 

endoc^tlk wiili fl»f*cr lo Ihe newly formed iin[. and Tel. Trii. and Uif refer in Ihc stale of 
liytiriJ balin'! undtijpinj the nucleophilic attaelX 
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twist-bom cnolllc ion (LXJV), I^the absence^./ 0rTOw) ,eads 10 * 

former provides a more ftnU *,***. & of any compelling slenc effect, the 

fomciin. kinctitaiiy^^ a ? d ,?K Product with Mia I V (LXV) is 

Y fLXVI). Numerousiijdroc^ST^I" '° l,lc om wi <>< equatorial 

conjugate additions of GrigitarJ reagents a thorns noa7 ^ Y “ hi0l<8 ,971) and 
W" 'O follow mis stereochemical “>«°Pperreagents (Posner 1972) 

methylcyclobex-2-cnone on treatment m'th K M„m° J?* u“! °° C eMm P ,t - S- 
duncthylcjdohcsanones, ,h c lrani iso™ Id‘ In ,^ dlmc,h { ,c ”P«'o gives 3.5- 
tbe product (House and Fischer 1968) (Figure * *° ,he eMenI ° r 9S% in 
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3. CIs addition via cyclic hh=rmedratca. If the addition of the reagents takes 
place through a cyclic intermediate or transition stale, (tic product most have the 
entering groups cis to each other- One such example is Ihe selective oxidation of a 
cyclic olefin to a W>1,2-glycol with osmium retro* ide or less efficiently with 
aqueous alkaline potassium permanganate Tlicresciion iscqui valent lo the addition 
of the components of hydrogen peroxide 10 a doubtc bfwd and proceeds through 
fivr-mrjnbcred cyclic intermediates (Figure I2.24n), The second example is 
Jiydmhorntion* of nm olefin followed hy nxidaiivr ri-umvnl of hnmrt as shown in 
the con version of met hylcyclolie sene into r/i/n.v-2-HielliylcytJnhesaiud {l-ii'tirc 
1224b)—a reaction equivalent to the addition of water to a double bond in mti* 
Markowfiflcoff fashion. Boron attaches itself to the less substituted carbon (Jackson 
(972). 



,QT ^ 



H 2 0g_ r^f" H 
L L-bC oh- 'xA'-c 


Hp-.re 1L24 todVItyd/oj; Infos (tumytiilinjil; fb) hydroboralwi) 


[2.45 Elimination reactions 

Three types of elimination reactions are discussed here to illustrate the confor¬ 
mation-reactivity relationship : E2 elimination (ionic), ds elimination (pyrolytic), 
and 1,4-cLimination leading lo molecular fragmentation. 

1. E2 elimination. A Tew elimination reactions and their stcrcocloctronic it- 
quire menu have already been mentioned in previous discussions. Like the nucleophilic 
substitution reactions, the elimination reactions also go through a broad spectrum 
of mechanisms with FJcB and El forming the two exiremc ends. In 0cB 
(elimination, uni molecular, conjugate h.vre), the C-ll bond is broken first in the 
H-C-C-X fragment (see Figure 12.11b) fallowed by diminution of X 1mm iln- 
resultant carhaninn. Tn El (elim inn lion, uni mol ecu tar), the C-X bond dissociates 
first lu give ji carbon I LI til Ion whidi thrn dhuimirwi /{-proton. Hctwirn iht^ two 
extremes, in termed lulu mechanisms ope rate in which 11 and X lire rliulinnrcil with 
a varying degree of concerted new, collectively known ns E2 (elimination, himolc- 
cuL-irjt As already pointed Out. Ihc stercoclceirnnic factor require* ihat the two 


•OrttTLil symmetry nuivilfniion wppwti i ncm-renffitnl mccbniiim. 

fpoi further KubdtasfficitloR of elimination maciipiu. tee L/rwiy and ItTdlAftfHxi ft 9STJ. 


k .^4 nnr rniithlno milu 


Scanned by CamScanner 








“v iWfrmrht* ? 

f r5 * n ^Iimi'njiNon is efP ,, f Clri,c ’ 0t| icr concJjrion, fl lon P"'^ and m 

^a^ 5 Sa==£ 5 S»= 

And rWCl3V![JCS ®f an cpimcric na" C fl / Slcal c *a*nple of E2 ™ 11 angle 

-«■-^JBsa-j-itossaS 

<IaJ ' Whiter has Cj 


Ci, 


CJ 


fLXVli) 


H 

(LXvrra) 


3* 



^enthene 
fLXV/fJ b) 


( uxix> 

n&trt I2.2S r, nim . . 

C£ E lnnifla[rnn of 


"*"%! Jitid 


^'Menfhene 

(LXVlUa) 


ncflmcrtrhj/j chlof,^ 


Scanned by CamScanner 



364 Stereochemistry 

antiperiplanar only with the axial H at C*2 and gives a single product, 2-menthene 
(LX Villa) (Hofmann product—least substituted olefin). On the oilier hand, in 
ncnmcnthyl chloride (l.XIJC). the nxi.il Cl is anti peri pfn ns r to two adjacent aaci.il 
H’s and so gives two products, 3-mcnthcnc (LXVIlIb) (Saytteff product, 75") and 
2-mcnthcnc (25*5). Moreover, |he reaction rale is much slower for mcnlhyl 
chloride which is understandable from the very low conccniniion of ihc reactive 
all-axial oonformcr (LXVUl) in ihc equilibrium fcf Winstcin-lilicl equations). 

In Ihc eye! open lane derivatives, cm the other hand, two adjacent ds groups can 
easily adopt d syn peri planar arrangement bur it is comparatively difficult for Iwo 
trans groups to adopt an a miperi planar arrangement The syn elimination is, 
therefore, preferred. 2-Phenylcyclopeniyl tosylate provides an interesting example 
in which bolh syn and ami eliminations compete wilh each other. In the cis isomer 
(LXX) (Figure 12.26). the acidic proton at C-2 is amipcriplanar to the tosyl group 
and 50% of l-phenylcydopentcnc (LXXII) is formed by treatment with potassium 
r-butoxide in r-buianot^a deaf case of predominant anti elimination. The trans 
isomer (LXXI) in which 2-JI is synperiplanar with the tosyl group or simila'' 
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$ 

trnilmcnt fives almost an iileniiVal initurre—9ft% 11 M.XXU and ICKS of LXXJU— 
this lime a dear case of syn eliminatin'* The greater reactivity of the 2-F1 pfofnn is 
definitely one of Ihe controlling Factors. During Ihe elimination nf Ihe Irans isomer 
fl-XXI), if tlif cnurn filler II.XXV) Lv mMrtl ivluVIi himk K fun in ik inner cavity 
ami Jfls (lie .ilkmidc ion frtT, llie percentage of I .XXII { product of syn elnnirminn) 
drops to 3U (EJartsach cl nl I97‘1). This means ih.il fin ion pair fspeeiully in a weakly 
ionising solvent) helps the syn elimination by simultaneously pulling out the 0-H 
and remov-ing X through complex* lion with K" as shown in the siritciure LXXtV. 

Fn certain rigid bicyclo systems, e g.* bicyclo[ 2 . 2 . 1 ]heptanc 5 and bicydo[2.2.2] 
octanes, the arrangement for anti elimination is prohibited and only Lhc syn mode 
of elimination can operate. Thus elimination of deuierated norbomyl tosylatc 
fLXXVT) (Figure 12.27) wilh the sodium salt, of 2-cydohcxylcydnhexanol (Drown 


Jw° F?d" N a 

<Av' h 
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'XY 

+ 

py 
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'h 



(LXXVI 1 No crown ether; 

90% 


0 % 

Crown ether ; 

7 0% 


30% 


Figure 12J7 Eliminjtrpp in norborayl *>nicm 

and Uu 1970) gives 98% of undeute rated norbomene. Here also when an 
appropriate crown ether is added, deuteraied norbornene (30%) is formed via anti ‘ 
elimination supporting ihe participation of ion pair in syn dim inn lion. 

2, Pyrolytic cis elimination, Pyrolysis of acetate ester, methyl xanthate ester, and 
tertiary amine oxide with ihe formation of olefins and elimination of acetic acid, 
COS and McSIl, and dimelliylhydroxyl amine respectively i$ believed lo involve a 
cyclic transition stale (Figure 12.28a). In cyclohexane system, this neecteitales an 
axial-equatorial alignment of ihe eliminating groups. This is illustmcd by the 
product compositions from the methyl xanihnic esters fChtigac* reaction) derived 
from menthol fLXXVin and neomcnlhol (I. XX VIII). Those isomers give pre¬ 
ponderantly 3-men the re and 2-mcnthene respcclively (Figure I2.2Bb), opposite lo 
Ihe result[encountered in ha sc-induced E2 elimination. FJimination of dimclhyl- 
nmine oxide (Cope reaction) jippran (u lie more Mcreospccific (Figure 12.28c), 

- 1 - M-FJfmiiiiiiinn (fniijnierihtlinn). 3-Antimv|'buhnf derivatives of ihe type 
(I.XXJX) (F igure 12.29) in wliidi llie p oih'lnl nf N wltli a lone pair is 
a mi peri planar to 3-2 bond which in turn is anliperiplanar to the leaving group 
(OTs) can undergo a concerted 1,4-eli miration leading to the frag mentation* of the 
molecule as shown. The cpimeric structure (LXXX I) cannot be so converted into 
the amino olefin (LXXX) which shows that the stcreodcctionic requirements in 
the read ion (known as firoh fragmentation, Grob 1969) arc very stringent. Grob 
fragmentation of imsnotosylalcs of 13-glycols in appropriately aligned con¬ 
formations has been used in many syntheses. Tlius the two epimcric monoiosylfttcs 
of I J-glycoIs (LXXX]]) and (LXXXIV) (Figure 12JO) on Ircalmcnl wilh a 
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JrvvvSf 3rC ™ nv f rt ^ 11110 med ' uin “R unsamrakd ketones fLXXXTIJ) and 
CU(XXM raped,vely fCorey ct al 1964), Hen? the flexibility of the cytlapcoLiw 

JJK-h [0 ^ G i ! 0L, S(? bolb thce P imens 10 »«approximately nntiperiplanar 
1f ]'V r h £T S C ' C bon . d ; R 15 also imm * tcria l Whether the nog junction is cb or 
Irani rused The earner wilh (he angular Me and the losyl group ds gives ihe tuns 
olefin wh- « tht other c ,™ chc d s olrfTn. The former h! s be™ ££*£*!, 
synthesis of earycphylJcnc and the latter for the synthesis of isocaryophyllcne. 



tLXXXJIJ 


r lx xxin) 




fTpire 1X30 Fncmrnlaliba of monw«jiiie of 1,3-jlywtf 
J2.4.6 Chromic acid oxidation of qdoheiaaols 

The chromic ncid oxidation of a secondary alcohol lo a keione is believed to go in 
two stcpit: the rapid fottnalion of n chromate ester followed by its rate-determining 
decomposition into the ketone, a chromite ion, and a proton ds shown: 

ft: Cl TON 4- HCrOj - + H* *=* RjCI!-O-Cr0:-OH + HjO 
RiCi1-O-CrtVOH - RjC = Q +HCrOi'+ H* 

It has been well established both in substituted cydohexanols {Eiel et a( 1966) 
and in steroidal alcohols (Schreiber and Eschcnmoser 1955) that the axial alcohols 
are oxidised at a faster rate than the equatorial ones by a factor of 3 to 6 
(sometimes even more). The relative rates of oxidation of a few typical cyrio 
hexanols are shown in Figure J2J l which illustrate the point. At the first sight, ii 
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which fivu (w»j-[.2-*lincch»x,cycl 0 |, L ' IJ „ c (LXXXIX) lit,- for,rev hy ,|i m , fc.2 
reaction and I he latter through neighbouring group participation. In the 

, , , ; LXXXVII|J) 0f ,ht isomer, the group it 

S..il..hlj ilaporeil to remove the Insyl group hy no intraniolmilar S„2 
rwchoii logKc an intermediate accluxcmium ion fXC) with cis fused 65-rines 

interconvertible enantiomeric pair f c r ciMiydrind.inc) and 
■ nucleophilic attack by acetate ion at either ring junction gives the trnrec dioceraie 

° r “r y aC !'! C lntns ™ mcr f^XXVlII) is used. □ racemic mixunc of 
ttie diacetatc is formed.* The reactivity of the Nmt irorjicr is a] mos t 700 limes 

greater than that of the els Isomer despite ihe very low concentration of the 
fcacuvc conformer m the former. 


2, Participation of F-elertrons of a double bond, A pair of rr^lectrons of a 
double bond can help in removing a leaving group if suitably oriented. The relative 
ra es of acctotysis of the three norbomanc derivatives (XCI). (XQI), and (XCIIIl 
are shown in Figure 12J6, The ami tosykle (XCII) reads 10" limes fasler lhao 



IXCIVI 



ixcvi 


Flgur# 11.56 rmtcipoiion ef s-cIclUdck of a double bond 

ihc reference not horny I tosylaic (XCI) which proves that ihe removal of the tosyl 
group (the rate determining step) is subject to strong onchiaitric assistance by die 
double bond mul the resulting non-classical carbon turn inn (XCIV) can react nnh 
from (he light hand side giving an acetate wilh retained configuration. The jyn 
isomer (XCI]]), on the other hand, dissociates (without .mcliimeric assistance) into 
a hom Dally lie carbocalion which rearranges to nn allylic one and ihe latter 
subsequently leads *to ihe hicyclic acetate (XCV). The 10* times reactivity ef 
XCI[[ compared to XCT is probably due to participation of a electrons of two 
allylic 1-6 and 4-5 bonds (see the upper right hand structure). 

The TT-cIcctrons or an aromatic ring also participate under suitable conditions 
and form intermediate phenonium ions which will be discussed in ihe neii Section. 

3* Participation oT a a bond electron*. Participation of an elec non pair of a c 
bond particularly in bicvdq[2.2,IJheptane and hicyclof2.2,2jocuine systems m 

•TheiaiwiBHi oTLXXXVII] idle LXXXTX involve) Invenlnmai iwo idjiccnl centrtt, u C-l tiyNGP 
■nd JtC+1 by 5^2 an! ii lease of moJcculnJ EcafLir^L’innl. 
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formed followed bv I ? *h;rt A r u Cw * c tl. i^c., the carbocuion fm r i 
retains its cwiCjiunL^ 71lc “fcnning iroupTifchSl* 

■"i*-process) ron^'^rr'^T rj,„; c ': 

"?* origin if i, reS' TL?? °, n ' hc d 'E'« of moaned.™ 

nniglibonnng group panitjpafon. m ; ""*>»« inversion. As in 

ra™n PC " Pb " r (or ‘PPmtinutdy so) .hhonT? * ' fc,v,,,g STO "P ■”■«■ 

STTTT-* i ,a > ui «**°‘ is no, srnWm TK~ D ° n -“ n “n«l rnoiec.l.r 
show that ihc results of such ri .*~Z Three examples art f ,v en whirh 

formal ion of (he substrate. rWrfiI "^* *F*nd very mad, £ 

Si?- 2SSS!Jtl3' IU,i " Wi, ' , ni,ro "«*< nsnnlly 

ii is farilc. In such cases* the activation ? " #n * :earran £cmcnt associated 
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^i l ? ,y r fi '" product cfrinc contraction The 

• coond ennformer Iras the NH: proitp antipcriplanar 10 die anbinnl II which 

I * sm - «* !’ ,ocras heiof ««,«> by thc co"om,um 

^ »««»i- 


H 



XHO 




OH 

fXCVlIb) ■ 


■OH 


I Jpure ll-TS Dctmiulf™, t /ft H i T .T.2> fl nrill** 7 rt,|hr,*M 

825 «iiT«rCi =, ?5 !£& 

C N hon5 IcS ’ d ,! PCn<il ?. C nn *'" c1 ' *'«!> ™ bond fa nntipcriplannr to the 

- -— 


C HO 


R0 J 

Flcun 12.3? Symlx^f of ■ jwfULndjnilifi fnlerm«Jiflir 

2. Concomilant ring expansion and rln B contraction. The iwo eniitirrir 

of?concerted 0 "’ 1 rI1 " (XCVI111 *nd fXCJX) CFipure 11401 provide .n crampte 
npi . Jf /"’* '*P a nsn>n and nnj conlraclion lYanuda cl al 1977) As the 
??' bo " d . 1 . br ° kt " ^ A e ■ 'be C-C bond antiperi planar with it undergoes 
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n«™ k i iUK l, " t-, l“ :,lr y Mortal l.y lf„. .. . ... J 

pis i y ’rson. lliey arc in Mit:li a fashion Ihm Iji CIV h the catrnjiir 

il fc n m lowaShclvn= J'Ki.ii'on fawiifineiff boii<J mi B ralinn and in CIVa, 
....i^T r y "* ravounn P 'I* ""act by ir-electrons. These c« plana lions 
lh ‘ h * d * ' he of “tbonium inn intermediates and are not valid if 

t ihe d«r«n “ ” “ *“* « —«* ta« inighi accent 

125 Ctmforninlion, reactivity, and ancdianlsm: acyclic systems 

Kaialk ,,,0,a:,ll<:S *"■ ,ch,ivdy f, « «»'- a 

'T™™? ?* re ™“" °" d — Ita. one prXcTS 

n sy5t " n) - Fof 1 P* « f diastereemers. Mc c OT fo“m«in 

each nay satjsfy ihc iterwdeciromc requircmcnu in which case ihc reactivities 
>a« to bocompared belvueon those conform™ only. A low return are™nS 
to illustrate the conformalion rcaoliviiy relationship in acyclic systems. P 

12.5.1 A rid i t io n reactions 

of ,wo **«»■« 
IITto 0 te “XS al r ,!>n irtlTC 

siW^ss.'zas-jjSftrjj-ras- 

'dually probaMe'^o^ftwifcromperWc ncid''i cn:lnli< *™‘ ,ril: '"si so are 
fumaricacid are o«m,'topicIndTXfalJ '% ,wo W « 

” , “ ,orlmaec 'i«»j!"nTTJ! 

StlT"""* acid. The 

. .** - .lib-,,, s ,„io „« 

. a „ plane and since it diiwlv 'l! 11 '''' 1 fl k " fr .»Mu and (It) I, 

acid must also bo achiral ic meso On me'd l ’ rodl,ct ’ lhc rtsulti "S tartaric 

enantiomeric eye* 

Br .ram. "r IhtIC .ad Cl .la contain . 
woultl E .^C oppoate bumianKn. fa Ebinr inianiBdiiir 6 " ,Mrf> ' lhe ,ws ^(eimediiiE* fC and C) 
[^Xlui't wunU tt a i^vtnfc mijtJrc. fw fuiihrr dnrT ! ! \ f,[Wltd ch,n] pmJuec) anJ ihc 

in 3-hn)iim-2-hj(aiKiJ. 1 l,r hl *" w * 1 * , gthtnmrin^ fnHip pniiroinik'ii 
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Fipfra 12-42 BramlMtifta tint Mf-hydroiylaiion of nitric irj funuric acid iCatnc 
nitf*r linage of C ird O' of D; only one of fic& tninljQmrric pair is 


Stereochemistry Us maintained in the product, the resultant tartaric add is a racemic 

k/T Tll “ IW0 '"mplo. however, are 
relevant to conrorraaiion-reactmiy rdaiionship. 


] 2.5J2 Elimination reactions 


In acyclic system anti d) mi mi ion is preferred particularly with food leaving 

C ♦V’? 0Ts bul sjm flimina,ion is not uncommon and may be the 
prcfciTcd mode with bulky and poor leaving groups such as onium/ ttitcnatintly 
syn elimination gives predominantly the trans olefins while ihe cis olefins am 
obtained exclusively through anti elimination (Syrian dichotomy). Finally, Lhert 

fhi H ft f b C01 lbC d ° UbIe ^ which b Sovetned by two mles: 

a , n J Saytteff rule, the former predicting the formation of the 

! fi ? 1 .-f U | b ?"Tr °J efini fr ° m 0 ^ lum salts and the Utter predicting the most 
u s iluicd olefins from halfdcs, This dichotomous situation may be rationalised 

from a knowledge of the posrticm of ihe transition state in the mechanistic 

, * Ori;im CPiupj b C poor fcjvinu ftmips jcLyJuo Inlutltki bill itnyljUti 
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comjnuum previously .. 

*• «** ° r .1* 

follmciks m million nu!i ,Jir ‘lurnwi,,,, "‘T"'^ hetl * 

2 c bl c o";l^ c c :r n,) ,h ; sj3,fm - •*. r- 
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Rpift 11,43 Anti ipd syil fi _- , . H 

b . ^ “ flaft0nm ^^2-b ronwhlltinc ^ 

a” “ d c “r° V , Cj ' "’" Xlli “ ‘°" ld Si« OJipnrfK m „,K 

rjL h " ( £{ "’ S rx 


"Yhr 

ICVIIo} 


FI 

H 

D . 1 

•%. 

n? 

J 

X 

Trent 

tCV ""' cl. 

R * ft = M*, 

1 ran i /fi! r ^; | 

R s ft = Pfc, 

tram^cii s lOO'p 


Riv* IJ.W A «iMu«»"c«.< 1( r roiwt ir, CH ,^ JJ)1 „ 
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respective transition slates which in turn wifi control the product ratio (Curtiti- 
Knnmicll onncipIcV In niiwdnncv' with tins, tin? trans/cis rulio varies from t>:| 
twhen U — Me) to KXfrJ (when K — Ph) due lo what is known as cii-efjfci 
(purely slcne in Origin), The same ralto f 100:1} is obtained when 1 2 Jiphcnylethyl 
methylbenroare (CVI1. R = Ph, X = iriethylbcnzoyloity) is treated with notusiun 
/-butoxidc in i-butanol. 

The 'eis-effecT due to eclipsing of two Ph groups is more dramatically shown in 
cehydroehlorinfltion of the (±) and meso forms of sliJbenc dichloride (CVIII) and 
(CEXJ (Figure 12.45), The former can easily aitair the transition state (no ds- 
efTcd) and on hailing wilh pyridine m 200°C gives ihc siabfc frafts-chlorostilbcitc. 
fn the la tier, the ‘cis-effoef is loo severe in the transition state and no reaction take 
place. 



It is noi necessary that a C4f bond be always involved in the elimination. Il 
may be a flr atom as in iodide-induced debrommariem of vicinal dibromides fp, 342). 
the C-Jf bond may also be replaced by a C-M bond as in or^inomctlllitxat 

M-CUR-CHRJ3H = S%Pb, PhiSn. and PhSi). The elimination usually 
Mows Bhc -inci mode and is quale faciie, 

2. Syn elimination, ft has already been pointed out that the syn elimination may 
also compete with or even prevail over the ami elimination depending on the 
nature of the leaving group, the reagent, and the solvent. A poor leaving group' 
(e.g, Oiuum group), a strong base (bulky), and a poorly dissociating solvent favour 
the svn elimination, Tn eases where both llic syn and anti eliminations take place 
with [fie formation of two iliaslcrnmk'rjc products (e.p., uis mid irans), it has been 
observed that ihc syn elimination (cads predominantly to the Inna product while 
the anti elimination lends mainty to the cis product, The phenomenon known ns 
syiHinh die hr corny has been ratiunnliscd im die ha\i% of stereochemical arguments 
(ll.iifcy nrd Saunders I'J/O, nlso Sicher 1972) which arc not completely unambi¬ 
guous, Since (lie syn elimination fines through an eclipsed transition slate the 
preferential formaliun of trans product (which minimises the ciwffcct in ihc 
transition state) is [indraiockl. 

The effect of steric factor in controlling the syiwmti modes of elimination has 
™ demonstrated by T*o and Saunders (I9S3) using onium compounds RiR; 
CHCHjhTMo (Figure l2.46).[/sing HO7DMS0-H,0 at &<rc the syn elimination 


'The^yn-jnri dichoromy an uunrtimet he uscJ wilh pi net Teal iJvinU't in entering riertcodctliuc 
lyntlinii Thar dchyifrochtwiuiion of ehrorncydcxtrcinc by potasiuri r-betemide j n dimfijijl 
rulphoxklc eires 97% of rfs-cydoJrnnc (™ mti dimiiurion) while tfehydroeblcrirurion by Utilum 
(JjeydoJxT) 1 xmrde (dnflf and bulky ba«) in l<nnc fooit-pokr solvent) pm 96% of tmns, 
cydalara (via lyn dimijutiun). rTriynham el il 1 967). 
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:B NMc- 



%»yn 


Ph 

Ph 

Bu r 


Pr' 

Me 
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S 


68.5 

26.5 
<5.0 


I'Fifiin* 12.46 Cnmprliiivciyr-UrttirlimmalJmi 

i> pmluiiiJnnrtl fwclhi- [ttt.lilm! Table) whet, It, ami », au - Imth bulky irhuih or 

Wlia11, llic ItH'VsiK Ajifmrnily llk-n.. 

(CXa) jiikI (LXl>) rcpr^wm |hc I ran hit inn stubs Irene.-like) for (| H -ami a.kl syn 

C! TS ,l U ,n * rCSpeCtJV , dy Thc tarmtr witfl bulky NMci group gauche io U, 
ird Rj becomes gradually destabilised with respect to the latter ns R p and Rj 
mcrea.se m bulk {«x Lowry and Richardson 1987). 

3. SitTcoconvercent elimination. There are a few examples in which boih 
dmicrcoracu on elimination give the same product and at approximately ihe same 
rate This is suggestive of a common intermedia it, the formation of which is the 
rate determining step. Thus Die threo and ernhro isomers of (U-diphenylpropyt) 
Ln methy Inrnmon ju m sail (Figure 12.47) react wiih r-butoxide in butanol to give 
Jtwtr-l-methylaDbcne. Apparently, the fi-W is first dlminaied to give a carbanion 
(ElclJ media ms m) which can undergo nprd isomerisation at <t-C followed by 
tiJimimiioi to ihc more siabfc ^ftr-l-mrthrtaEilberce (see Sicht^r 1972), 

KOB.* «• Ph 


Me 
I 


Ph—CH—CH"*Ph 
I 

NM#, 

0 3 


Ph—C—CH-*Ph 

WMe, 

© 3 


y~" 


Figure 1 1X1 Sleferecjiwfigen etimmaiJon 


I2.S.3 Ncighliminng group participation rmrl molttiil* rruminRcmcnh 

f1cxfbi!,ly in at > cl|c ksoIccuJcs. if one member of a 
ppi of diasicfcomers (with iwo chiral ccnirc*) undergoes dei B htjourin fi E mun 
paR.cip.non .he other also does so (for exception, seeVo migratiod in nor- 

msJSSloth* ™* hbQUnri * P r0u * Participation and molecular rearrangement 
me Subject to the same stercoclcctronic control, the two processes nrten go toedher 

SS’S-rf"" 01 ^ bt d “ ,i "f’ ,ishtd d i»o cklnl ccmrc/^r 
identical pai rs of non -reach ng ligands as in RCHZ-CHXR [Z and X are panic!- 
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Canfomatltm and 

..•*»«« .*««*«- «, wwc „ 

rearrangement. f ' ... gm,,,, 

£ H1 ?' ^>^1™^™!!!''''°'“° r 3-brnmo-2^j U unol 
pair of electrons. The OH group i< “'"''f ®™ up parlicipstion with • 
backside atiack of bromine formine tZ " nd remored by the 

from Ihcthreoisomer (Figure I248ar ;« u,tern, cdinles. Tile one (El 

JJ*' Sequent nucleophile stuckby'nr ^^ 03 en ?" tJ “t>Pi“Ily 

. bromobutlne. The other (F) from the e/yihro LZ ^ ° f 





Dr 

_ mi to 

fipitrt 12.4a PirtidppriM Cf bmmoqjiHE, ** 


?'l by “ C; ilfs so *« «*«|M nucleophilic 

. DCIWCCI1 L - 2 «nU L-X .iliaci tin C-2 rimy formally be consider** , 
neighbouring group participation while ,«ciion ai C-3 ,v forLm, ? i t 

reanrangemen, fBr nUgra.es from C-3 to C-2Un ^e former. Zu umU-^ 
chiral centres are IHimcd-a charaetcristic of neighbouring g roup pnidpa lien- 


. nrtr rnr^hirw nnhJ 
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3S0 Stereochemistry 

optically active forms of Ihrco-hromnhvti^ 1 Hy cquiva!lini. It may be noted dial the 

i “* tt in ““ •"«—i-i. u 




«■ 


4. 




AcD" 


Mi' 


U«^ 


b s 


lhi4« 


ll 


irjlhre 



M* 


H 


M4. 



Flfwe 1 Z Jfl Ptiflibpitj'fln of nmnium too 

! “ l ”' r “ ". el,ir * t “ d ,ha ™ from 1« n-lhro toner h 
mhii/ihf f ° glws a raccmi * m^iure of /Aw3-methoxy-2-btiivI acetate 
the Uuet pm » rin S != erylhro toner. However, in U*WSJ^£? 

■SJS? cl ‘J2, rf* T *”***** <H»I -W) - ta 

"f"’' !Um ”e mtcriol ifrhc Utter is optically pi „ c . &, product 
»UI 6. optody pore and if i, i s mcemic, Ihe prodoei will uto be n.«Sc /S 

mlefWsmlTd^ 8 6 ™ P r ? n,dpati °" “ n<3 rearrange me nt go ride bj 

Si» w r sl ' f£ « «™«» (retention and inverrion rcapeoiveM 
arc nidcnt in the pairs of product structure given for each reaction. ^ 

rejiA.nn j rt » ParllC !^ ,ti y" 3 P hcnonh,m ion ' The concept or phcnnnhmi ion as a 
rmm ?h tn lhC T C way ns ionj was fim originated 

S££Ihlel^T 7\ h,ir r T d on 1 "» "■* by the" 

i>- h ^ ‘ ,n!« r ’ and Biown (who at first eontesied ii) (see Low™ and 

jfolvoK^ 01 - 1 - 937 -' D ^I LwAira>-3-Phenyl-2-biityl tosyhrc (Figure I2.50ti) on 

remaining 'S/* 1 '* ^ ° r a raceniic mixture or threa acetate (the 

remaining 4% ts erythro isomer formed by dirccl S*2 reaciftml ti,, n J i 

erythro corner (Figure ]2.50b) on similar treatment gives only D or L-ervthri 

c arinf !h * a ° TriMC) for lhe lhrco is0raer * n <J * Chin] one (K) fvWth * 

^ ^ BreUmtntS are « those made orL 

sohx.lysts a. 3-meiJ,oxy.2-br£nnobulane and need not be repeated 

, T 1. na * UfC ° f lhe two P henonI ^ intermediates (I) and (K) it is ciicrtrd 
the three isomer should react at a sWr rate than the c n thm (!he JSS 

■ N«l[Cl,t(v«C™« IWfi).^™,, ,|«g . .. rticanwn, 
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(2R,3fj) 

in Tl ir Pf phf^iW ^ 

ttnjrrr in gfttmrtry in thr IrJ^^iT 7 7% W*' » *• 

61 ^ ciMJ^f inn pmtebhZ!'™^* km ^ °/ 

siKaa* 

^ i r d . rrom Z-phcyl-S-p^u^i M(t 
IS62.P. MS’. Bo Hi erythro >niJ threoliomcn ofof ” f ph '" J ' 1 wradpalran {Hit! 
ion inicrrardiala which arc nor o„| y cWnUbni " bs '™i“ *"* I*®™'™ 

P ' C '** L,Fi ^ “«J *** fmn , 


Ph 




H 


_ _ PgurT tlSl ,ftf *° 

■ rwdeiiH^ icc ^ WDtwn|(fl(f |M7 p 4H 
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ncjghbou™. group prrticipaiio,, and n0 |^, al rcur^mentTe ° f 

115.4 SfonactaiiMry ofnolccakrmim„, Kl .,„r,ii 

J"' “ ,h ™ «?<«* '■ ’ tnolecubr rcartaeeement: 
Acyclic mol K d« pl r ' [r '* Jl .’" d =‘ lhc 

stcrcochcniivlry II each or these poin ij"i 1^1'^ lnr ° r ™"™ ,c B a,din g tic 
aUBtn to .ne^ a d„ cfcble lhe following sioteoch™ S^b. ^ A 

lhe molecular orbital ihe or v atr-orri?#?. P u ^ “ also rei, »wtcni with 

that binds lhc mien line: eroun toff? ° W f. lch ,h f f 3 ™ ° r mcalccnJur orbital 

tend formation TKZto « m ' t " a "' In onf ' n al “ P*"W|»» in the new 
^ H r atc^given to prove the point (figure 12.52). The 

HNO ? i /fy“N 

E ' ft. 

H 


J H 

Et Ah 


‘NH 2 


■‘N- 


M* 


no* 


MaOSr 


Me 




conh 2 



■'■> H * t.'V 

Bu Ou ft 

0 

r , , figure I1.J2 hnentton eteMlifotaiim - enSll4|ral] 

r 0 irf aik>iEro,,p ~ 

never completely detached from .he n|, cny | Z n 7,h" ' ‘ “ c “ r 5° n " 

Ilic third one (el l< a Bjcver v.ll.er, ,• L , lbc '“trangeinent), and 

ntigtatea fton, a earhon X fo f oC a.o': E ™ Up 

configuration nr,he ntigrah-ngg^phte,"^ 0 ’”- *" ta """ ra!cs ' thc 

2 W "'. 11 mi e ralI “" ™**" * chiral and 

nucleophile at lhc migmfiml oi^iniicftiivxi^^dTCTe fovenjon^n^u 

Ot die .irylgirup W 
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DfivmtcSt'rmchmtoy,. Conform<rt m mr/JWWh. 
migration oirgin. An example is found in ihn ^ 383 

in ethyl -2~|ihcny I butan- 1 hiJ (Hjiurc p^d fK i- VD, ^ SIS of *hc losyTntc of ^ 3 - 
apccltd major pr(Kjui;(i ^ lm . ll] t y , J . ph ;-„ y u ^ r ™‘; C-nliier 1978). The 
(ihroufh » pherjonium JOB) shows /„ inw^o^Lr 5 '" 5 ° m 1 -Zphcyl shift 
onjffl. However, in ,j,c majority of«, „ 2™?''™'"" “V 1 ' rai S“ 1 ™ 
occurs ai [fie million origin ^ bsUn(lfll amou[ H of racemixuion 


'‘OTs 



HO H 



1 IZU lD ’ miPD Mpatfoa onto 

dearly expected At Sc mivS^rrn^TnccIh of COn ^ ura[i °n is 

from the side oppose to jf e leaver rmim ?* mj£m,nE Efoup approaches 
demonstrated ; n mcJreuJar rearrpn/dLmf ? Sv2 Thu has been amply 

terminus may lx* 3ccomp1^i^\W|h C v^7nV [ l | , Wh ' Ch / nven ? n al rhc migration 
group is removed before (he nngrajfoj, ^ Jnhc /CaVins 

cartwaiion (which ofier, happens in Z-wl T £ - "*? *° a , vc ^ «**!« 
miprii« from whnlever piwtJim it ocetJiwv' i" ^hl^m «/' lhc ™S ri,,in & S rou P 
■ conformnliim of (Ik: SIJ |iMrnic jt lk l ; (1V iW 1 . ,■ ** N(nWt: * mHn * J Male 

S™sr ij ^ *? 

inierrauhW *"•!* MC a " J N11 ' '^^cl'vcly separating the two Ph groups The 
JS f lfu-! T"" 1 T (M) “”*'S«s a rapid elimination of N- a^d ihe 

rnwrarfon of^’ ^H 0 k™- col,1 i E « »'<h concomitant ami 

• h d y" “'Kratioo of Ph. the former being preferred This 

An^arerf^r ^ ' ,inglC co ' ,to " nw P'«s 'o t™ producL'. 

i-nhenri 1 ri™/i ! k oT'"' “ P ' 0uide<l b > den miration of tWl-nmi*. 

,™ ^^TT f P 5!’ ' P '°fjl 0lfFic “ r * tJ S4 Mf« Lo»ry and Richard- 
son 19S7) Two imermedidles could be written involving lolyl pariibnalion one 

wrth Ph and Me trans and Ih e other with Ph and Me cs Th/fCcrTprefc.^d 

To. aWai .ad inimiop. Me, It xnormMcloek™ or .oilelrrkofce) .tloald fe enmnared 
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Ph 
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Pheo 
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HO | - Ph 
H» z 

<CXlb) 
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10 V. 


HO. 


NH, 
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s Ph 



M| 


S 'M# 


'PX 


i nrca * + 

inversion^??.) „ iT 

~ .VC, 

k n <,»„ by Ike Ph—H direction (clockvS Ll^l *1 C-l i, 

' or anticlockwise as shown.). 

12.6 Conformalionai a(ropiso mws and reactirily 

diasiereonic^fOT!^^^*^* ba^bdne ^ 11 f °. na ' “® n,t ' 5 h,Te b ”" totaled in 
™« sinek ** -**■ *- - * 
more n„ E . s the f umionl| . toairf taihe f r " “"ta 1 '" ont OT 
considered a, ihe eonmerpam of nS ,„d ^ " • part a,1<i •» 

Pmvj^dy tfecatt 9-Arylflnorene CVCl ° ha3nt Wn» 

"' U,fd rhC " }l -*«««- 


Id ouipui to tc:-r 
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5?£i SiSSS™ assss s 





N 0 OM 0 




l^flutTOK, 

V-Mc (sj^riJSr I^h™!) ro^X'ly‘’mcn ( r iP ' nP,a ' Ur Wit1 ' 9 (i| lod 

i5=r? fi rsaws 

(CXIJJa), , hc mia Bl cxrila «„d CXWbfc-■*” , ,'lfT’ 0 ' nin ?’ ,| y lhc Jp*««cr 
'inti for olhcr references}.Then aijain rhe l\r^ ■' 9 k ’ for a renew 

rltsn that in CXlTJa. An S„2 reaction ' (AermtlTT IT °5 b * mUCh mQre hindercd 
than in CXlfhi In far-r ih* j u creiore t lakes place more slowly in CXlIfh 

by bo,h M Ce ,oun S 

mxiobroniides (CXI[la) and fCXlllht ano ™ 1 al l ' lc V-CHiBr. When the 

C-9 foil owed by an intramolecular <Ti \ VJ fform;ilj . on of ;t carhanion at 

(d.rccl displaccmcn!) is obtained. Thc liwTOr'irx'ill ,' h ' n ’ C,hyl C " KT lcxv » 

Clhcr (CXV)and ihcw+mmcr CXIllh) nrff f 7” prcdomlimnlly lhc 

(CXI V). This is consist, Si, ,(,= (ic, ,i?' r , ? ,"* T'“ C '"” n °" nd 

hindered in CXHIa while die rrwrM. h fr „c for n,f i ™ ,I,nd ° fcd anii 9 ' [1 

vlitj i\ (me lur ilir filler lunm-r iCXIIIh}. 
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356 Stereochemistry 

12,7 Formation nnd reactions of cnnl* unit c notates 


> 


piolj; jinil cnnljucs derived from ketones arc Hn^icnlly nudcnplulic aril mijlr a few 



reactions is best studied in eye loll exit none system. 

12 J.I Pro tonal ion and halogens lion of tnols 

It has been long recognised that cnolisation or unhindered cyclohexanones (CXVJ) 
wiih a base or an acid involves the preferential abstraction of an a-axinl proton and 
in the reverse reaction, e.g., ketonisation of cools with proton or bromine, the 
electrophile occupies the axial position in the product. This was attributed by 
Corey (1053-1956) to n sicrcodcclionic factor, namely, an overlap of the nxtnl 
CM! bond orbital with [he it orbital of the carbonyl group in cnglisalioo and a 
similar overlap of the empty p orbital of the electrophile with the delocalised enol 
rr orbital in keionisation, Utcr Vails and Tommanofr fl%l) proposal two 
pathways for electrophilic addition to cyclohexanone cnols or militates. Two 
perpendicular attacks both satisfying the stcrcoclectronic requirement (see also 
p. 358) are envisaged known as antiparalld and parallel (abbreviated as ap and p 
respectively) (Figure 12.56), In the anti para] let attack, as the bond between Ca 



E 

tCXVIllgJ 


icxvuiy 


icxviii 


Ppjir 12.56 Elwtmpliilic jujuilifn in duubtc bond of enali ind cuobec ion 


and the electrophile (E) starts forming, the enotatc half-cliair (CXVIa or CXVIb) 


moves towards a ebair-like transition stale which gives the product (CXV1I) with 
E axially oriented. In the parallel attack, the enoble half-chair moves towards a 
twisi'boat transition slate leading to a product (CXVIHa) which finally flips to a 
chair conformation (CXVIH) with E dpia tonally oriented, Three points tn:iy be 
noted : ff) In the absence of any stark factor, the ap- and p-ippmachcs to the 
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noble double bond „ „ und feoeitoty JB7 

Ss?,r-“ = SS* 3 ,; ps 

wmilri k*« T®* °ocurs substantial fvw r' * parallel and parallel 

syn^Kial interaction judf ihc mfn !M Jpan cl 4 PP fra eh ^oujj be rubied m >S 
o Me ’”■“ "BO 

j A—_ R 1 



(CXfX) 

fex x i 

... . , nE "'“ T,ren “ b ‘ M "f=-‘««»tSk«M™ idl 

]™ilc that or3-kerostcraids fCXX b •,, __ t _ , 

<0S) Of equatorial bromide (CXX R-= [Tb^-uT.* subsM "‘“l amount (a 

5* h,0dQn " a 1 "'Parallel ap^h wMe“in l , °* ^ thcn is «« 
introduces a sjwaal interaction toil. Ihe h "* r - H* 10-Me group 

12.7^ Alkylation of etiolate ions 

fuel I hat a fair nmoun* o7diaVv!afed"'td ' l, " 1T " lc " ls “ Mm plica led by u, e 
P fDt, u=, may undergo o «* WW 

“* .1 is observed U,.i a mixture ” 22":**' in -<Mr of 
equal amounts of equatorial and axial isomers Lc nh^’ pl ?^ ucfJ ^“Prinii* almost 

™ ia * ihat U* >arnurinel flntl parnlL mincIVw fS< * !?T 19?2) whlch 

file jraositito a tare involves very liitfe CC C<l ^ y fcMfb]c . flnJ Umi 

lions are made : (f) If the antinanllH ,p n , n .T Two general observe 

tftc parallel approach prevails with the fomnr' 13 St *, jecl 10 * interaction, 

I** ote-n .rM^o ° ran w if 

very much incased f see sterfod *vnrh«e ’ p:o ^ en5;, *y aHcylafion fs 

o-o-riisubstiruted ereEoo^Tl • " Ch!plM , l3 >-* ™y be noted that in 
product is strictly of kinetic control. h pQSS,bl,I, 7 of equilibration and the 

ra>i-l-decalone (RiunTTzm^'h^^^a n,CI Mauon of 2-fnrfnrylidene 
state, ibe usually favourable atn^aaral/e^amnroacb^r'lL^^ * bailVchoii transition 
interruptions with 5-H ,„d 7-H and as S ,h, ” , !UbjK ‘ “ lw ° 5 >™«‘l 
leading to an excess of the cis rr r r* P ar,ll ' r -I approach is preferred 
reaction at C-2) ° ! ’ SOmcr ^“^hdene group is intrnducied to r ,e«” 
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flEwrf llifl SiereMhemitirjr rffciijjuiW merhyU^nnfJ 1 iHfctatnnc 

12 . 7,3 Alkylation oF cyclohexanone crqmfnc* 

to ™ h « >°®- UK cna mines derived from cycloheunonc, exhibit 

j4W!KSrtS 23K EK 

^rcr,.:„ v L :;^ r c^r d 'r d c ; 

^c/ P r“rc^J”S 

- * 0 ^ r- ^ 


•a 


H: 


wit 


^asP&* 


n R urr l£J9 Arkjrtlliflnof^rnhHitph.m rnammei 

127-4 Enoliiajfon end bromlnntion of an exocycile ketone 

S~Si^ r;:^ 

b'romi'de*"^' 0 ^ XCn ^ ^^^-add honeheS!m%l«“m 

2117 (ht bromtiTTEigntiio comply (CXXN) which exkii in two 

« proved bv <Z) and d,rr,(nne '" lhc configuration of ihc double bond 

“T*™ ,ntQ thc a « tal « fCXXiri). The two acmics ft a 
CX xm, Me - PMtiavcheen separated and the axial oriental [on of Mirr phenyl in rich* 
“"f ™ ! Uv ■ 11 -NMUflk tfHiim* pa*.. ll,.™Oic. 

WI,H " t, ' U ^ ** >«■ *10 fMa.ho.ra Jd John™ WTh 
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of Ihc complex '^cl-"fom" !} ~*' Tsli ” ! Ch!, P'i W- ProtaMiian 

wfiich«isu^ iwoco,,ranncrsCXXI v/,j K | rx^vh“i ,*"** Biv ^ ,hc CK ^ane 
lofiivc flic cnol {CXXV) W j tfl ,j ie w, ‘ *,„ CX ?y b * ^ rofmcrcnali.-ses(liyackfl 

5E““7- “’V"* »» .he fCXXVI7 id h A,J - S ^ On 

™ c information fCXXVJb) Th, l {CX ™*) which Hips i 0 ih e 

sodtom cthoxide j s tpimcmedto fc“^ MbIt C | < if 0 l Vb) 

“IT “ ,wo «» «■*«• by lh e ™ 0 ^ of.ST ' 1C (CXXV,I > "bich 
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390 Stereochemistry 

12,8 Rcducllon of cyclohexanones 

The reduction of submit wed cyclohexanones under kiiiDlically controlfetl conditions 
fives usually a mixture of axial and ecpnUirnil alcohols, the stereochemistry of ihc 
products depending on various factors. c,p., nature of the reagents, iiaturu of ihc 
suListfales, and ihc reaction conditions. A lew oomuion methods arc discussed 
below. 

12.8.1 C* I alytic hj d rogenatfon 

A cyclohexanone is hydrogenated to a cyclohexane! in the presence of catalysts 
such as Ft and Ni in acidic or neutral medium. It is generally assumed that a 
catalyst absorbs the substrate from its less hindered side forming a ir-bondtd 
intermediate (House 1972) and then transfers hydrogen ro that side. Since ihc 
equatorial side of a cyclohexanone carbonyl is less hindered, catalytic reduction in 
strongly acidic medium in which the cycle hexanots are detached from the catalyst 
surface as soon ns they are formed (i.e„ the products do not get a chance of being 
equilibrated}, gives mainly the axial alcohol. This is generally known ns the von 
Auwerc-Skita hydrogenation rule. However, reduction in neutral medium ensures 
a lonprr contact of the alcohols with the catalyst surface mut the llicmindynamically 
more stable equatorial alcohol prcefnminaies.'nms rapid reduction of 4-f~buiylcycIo- 
hexamine with active catalysts (Ni or Pt> in acidic medium gives 80S nf Ihc axial 
alcohol lull llie slcoMKcleCtivily ilrrrriiu's ;i\ thr iiMi iimi limr is incriNiuil. 

12.8.2 Reduction nf cyclohexanones with hydrides 

lit 1953. Rirlnn form oh ted A pcncml principle tll.K unhindered eye 'In lie nan ones on 
red net inn with lilliiiim aluminium hydride <*r rmliiini homliydiide ntTnid (lie mnre 
stable equatorial iilcnlitils while him to red rychtfiriainHiri give Mk- less \l,ililc axial 
alcohols. Tliis has been substantiated by many subsequent experiment* in simple 
cyclohexanones and steroidal ketones (Table 12.[) bin no consensus has been 

Table 12.1 Stereochemistry of reduction of eye Ik ketones with U A1IL in ether 
(Group A: unhindered ketones; Group B: hindered ketones} 
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^ata£ffi.‘"“ PUblBh ' d <**35 5J 

f ! 9 »?fi *%%***?* «nt™l. Dmrbcn c, „ 
m icons of two concepts Meric anmnich «• a ' rduct,on of c Klchc*nnoties 

conriol CPDC). SAC is . purely Mcnc MMuh 't S ’ !md '" 0duc ' d '*topnwm 
3 f* v oured(unhindered)anaanunfavomr.l t,r . nvol ™Scompetitivemucksfrom 
respectively) white PDC is * c„ e ' T 3 "“ 

Of Jhe products. It fa Rested ,| u f f “ S525 EE?!* ,e ' aliw ™ !,il "> 
hydnclc on iht I wo sides of ||k earbmvl ^ lhe *PP™h of the 

equolly favoured and the transition smi *° Uf1 'J a cytlobesmone is about 
product Thus the Zrc^^l^ *?** (he Mcric cf J 

result of PDC. On the other lend, for !«£££«£ fS^SSS^ 

ttsxzzzir -■ r re 

Considerably reduced^ ^ mtcracbon with Jhc^Me |rogp)is 

from equatorial n ni f1r is I^Tbvour^^f ^ ydr f hl 'y nonc * lhc former n rising 
k. tu , r* n u . soured because of the developing inter action 

% £!* >-» and 1 ,h y wo ““ l H-s «C-3and C-S.Thnretuive subility of H» 
cquatortal versus „, 0 | alcohols is ,| llB refl«r«i on the relative viability of the 

(Cxxx! , !a^ndrcxs^ h f7 l0 r 1 ’ 11 ’™' co, " r " l) of ,hc lwo states 

axXMb) and fCXXXJfb), the farmer to fawned because the latter stiffen from 

nfiHMQAr* | n,cratlt ° n tjcl ' 4 ' ecn ll’t a*ut 3 -Mc mill the incoming nucfcophjlc (BUT) 

“ * P«fc«mial formation of liver axial nfcohni. The ivm terms. 

iA , ***! PDC hrtVc ^Iwcqueiuly undergone modifications, ihe former bant 

pcri?« y Cm ""’ 1 (SSC} Jnrf "* , " lte ' h > !»’*'■'« «rt/% control 

■. SC) (Brown and Deck 196.1) m order to give more emphasis on the transition 

5I *“ lh » n ™ c «nts prior to ttiai. The term, SSC and PSC refer in • 

rcative sense to the position of the transition state along the rend ton coordinate. 

- he former applies m a reacmni-Jike or an early transition state and ihe latter to a 
' fOduot-Kk* or a late iransition state. 

rhe role of sieric approach control on tilt stereochemical course of a reaction 
:j 5 never been in doubt but that of product development conirof hns always heen 
- ^rovcniiil tlaspile evitfertee by \%iicW H979) in ^xlitun boroh^riJe reduction 


‘ 1 A6W weg ciiaNajKd tiu; the nudcofillslr ftpprmehcs the tifbdnyj cartxw i!w t icclw nt un 

"• ! cifive la I tCf 9 wiili the csrtwcvE KtJ. 
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■Jbfr*- 


BH: 


{CXXXloJ 


? H 3 



M 




fCXXXUo} 



jlnuw I2.M PruduJt {Irvrf^nrt,, « M iir.<l krmut M.yi* ijijiru.i h i'. . 

sr i ,r 'r''"”" f tM ""° 

:^r ‘"'" ihm, > '■"«r!r".yUh asci'j'ric 

SS, z7 1 ° b *™ ,t,r,s “ h,fh «° ***i*l rec art : (0 Retfuata, ofkeforw w/ , h 
J2S" “T, 1 "^ ' IMhfrmfc *"•! «. according CO Hammond's poaulare.T 
dfU i r- 1fC PCCt< ? IO bC rMcUm[lifcc antl n0t prodnci-litfc (//) The 
S5™ tlfM C*.r/tc) in borohvdridr/borotlcvteride reduction „r 

I9701is nlrnm? VDr, ' ,ne dc 5 rcK ° r 5,cric hindrance (WiiSeld and Phelps 
,v! T T"? , “ s l’ ,,cof "'<• «">Mydrfrcrcnl »■>» nflkc njiulraul a »| 
njtifl! alcohols which menus Him He cited I or bond nulling end bond break,'nr in 
[he iransilion slalc r alroosl Hie same for hindered and unhindered cycln- 
hcxniiLines— n laci incompatible with the PSC concept (Hi) Verv often, a hither 
proportion of an equatorial alcohol is obtained in lithium aluminium hydride 
reduction than what corresponds io I he rmody mimic equilibrium. eg,. 90£ versus 
BtK1 1 , ^-butylcydohcxaiione system, (i>) The comparative me studies of a 
" Orally hindered ketones using 4+butylcydoheMnone as a standard 
(tlrel and Semla) show that while the relative rate ccnstmui so determined support 
the concept of SSC, they display little effect of PSC 00 Finally, PSC iudris of 
srenc origin so (hat the stereochemical control of these reductions ultimately 
devolve on the overall steric situation in the transition state and the specific 
contribution of PSC is hard to determine. 

2. Steric factor involving C-Z and C-6 aiiaf hydrogens. Richer (1965) and 
subsequently Marshall and Carroll (1965) put forward a suggestion that the arial 
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nucleophile w’hicfi ,1!"; T° j™' •’PP'wh of n 

C-3 and C-J to the „ik| nnr™ch Th^ 'n,,r ' h “' b > *' »™l Ift et 

posi1 ™ ° f 




hindered^ for'heTdi!c tfo^wid,"hvdtw' t< ’ ,,al0 ™ 1 approach would be more 
« -we of Z “o„ "^eKS T" !'°™ “* f “' ,hc 

SS.tSjSt' 01 ^-'M^oue z;^t 

formed bond of (he nucleophile and the (w 0 axial CH bonds (at C-2 ard C-61 
dunng the equatorial approach of the nucleophile (Chercst and Felkin 1968] Tvro 
are . now »«* compete w!d, each other: the .lenWe e^Tr 

‘i,™«. ■» tta *Mk*l groups in the .,1.1 ,,™d 

lorsiDiul strain (similar to lhal in eclipsed elhanc) as defined above f n the 

2KS?L - " " ^ Sb5CnCC ° f “ ny Kjm P cl,,n S slenc hindrance, the effect of 

whhTJ to'*?*''?* ^ ^ SleriC CfrcC! ' Cadir,e (0 fl F=Pondeiam ami aliack 
^ilh the formation of equatorial alcohols, as in hydride reductions of unhindered 

? ° ,hcr ^ dl 17 therc ” * ^ «*' «Wta«i«cS 

or C-5 for at both) the stenc effect prevails leverang the steric course. This is 
shown in Figure I-fa by appropriate transition stales drawn in iwo perspectives 
This « also in accord with the observation of Efief and Send* that thertereo* 

j£?7 ° f redl,cll ® n 1 “ "° l cha "* c<1 appreciably by the introduction of a gemm.1 
dimethyl group 11 C*2 (Figure 13.62) because the torsional strain is relatively 
insensitive to I lie bulk of the substituent. The theory has the added advantage lhai 

C^r my ” pj,n3 ,hC ilcreochcn,feiF y ° r r i'duclion of acyclic ketones (sec 

Quite recently. Houle cl al (1988) have supported Felkin's Iheory both from the 
calculation or moJccijJjjr mechanics as well a^f by some experimental results. 

4. Alter native (henries. A few other suggestions have aten been made Npuycn 
Anil m77) wnrfcinr on umdels fnr asymmetric: imlm lii.n in iicyclic systems 
performed ab initio calcularioiv, (KiU^ti) uji various geometries o( transition 
states for nucleophilic .mack and came to the conclusion ihat antiperiplanarity 
between the newly formed bond and other bonds already present is desirable. This 
can be achieved in axial attack on cyclohexanones but not in equatorial attack. 
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Toraoniil strain 
(t’-Allack) 


>*< 3 / y CH 2 
R—C-fCH 2 ) 2 

^ Sieric strain 
(fl-Atlack) 


Flpwr 1163 Toruioitat Main vtr.Mii nitric rtnilii 

SEiSS?" baii ““ y * 8, “ OUKon,c of Ft,kin ’ ! mod ' 1 bul 

C,CP . 1 ^ (l98,) h3S * UffiC5[ed tMt !hc *erc°cbctnistiy of nucleophilic 
^7“ ‘f dCt " mfnCd by 3 COmtAu,fon of «d stereo- 
ilereodccimn^ fn^ ,C ? fl0r if ^ ual riV0urs thc cc lwatorfal approach. The 

Qrh^ ir f 7 BMet , fto " ,he facl that lhc a ™l C-H bonds next Lo [h e 
carbons] group arc better electron donors than the 2-3 and 5-6 a bonds As a 

result, the transition state with the incipient bond aiiallj oriented is preferred over 

ZZSSSF** ** orien " d ' ,a 

12.BJ hfeerwein-Ponndorf-Vtdey and rchterf reactions 
Mccrwrin-Ponndorf-Vctcy (M-P-V) rcd-cl,on is n stoSc] radicn i. which , 

»’ -i<h .* indpicm b^d a* 

of eiuI niuli 10(J ttto c<: botv^ in *?« e) ^r rKtrtM d ™ ,lil0,, C Jf in 'he Ole 

enJsiJtftl < during inn\ B ludO if the tnmn'i^ W1rnn " : “*"* ° r » r ' Cl ™l diuMcjmcInc'kn It 

e * - tod<ym iri^ih^rapow^tKifmlMiriik WtuLuir- m 7 n-rts pr fa the reagent, 

(W») taw ^^.«!re7Z,iS7 .imp* cn™™ i " Mch <=< **' Kh ™ 

-K " «- «* I-*- 2?“*?« ES^ST ES!* " 
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hv ... . Dy ™ k *""*“** '■'Cotton aHiSeac , Mly m 

': lbcr b * uiin s «ccss er "action iscompletcd 

CW* rCiM: " 0n ' 0,ilb! ™ ®f aluminium jlko,iT "" tonc fo,med ' 
OppciMuei oxidation. Since the “ 1 “ w ' lh » ketone is fcn ow „ „ 

upon prolonged reaction lime ihe n nd crntodytiamicilly controlled. ,i[ Irnrt 

•Icohols. gives there rehfe rta™^ ,h « case of two 

conformational analysis. The rcelu^reT? ” r Wi,Jr wMcl1 is ® f Merest in 

under M-P-V equilibrium condS m£ T ™ ° f a fcw «**c kcton“ 

acetone) are recorded in Table 12 2 alo^ n,U ^h IS< iS^^ < **^ pro ^ 14lcol,0 *‘ 

n'H 0 * * X ™* 3 »to£ta. “* ' ,a ° ° f onin 

of ll * by -sing •> excess 

indeted Gngnard reagents (a case of/l-H lran 5 n rcri Ch h" 5 h reJun,0n *" b Beri «lly 
and are associated with high stei^«n” |J5 F } Wh,eh a * klJ ’ff'Q.I[y controller 

Table 1 2.1 Slatoehnnhcry of rrt^ioas of * fc w CVcKr . , t 

IJ-NH, y ke,0ne5 ** ftf - p 'V md by 


Kcnvtips 


-1^-nuijicycruJic^jih^c 

J' me 

J-McEhyfcyrtrt CHnflM 
- ■ Mclhylc^rluli csrg 
^■ S_Tnmelll VlcS(|<ih e , , 1 , ull( 

Huffman md Cbirfes J9ftg 


JVrccnUfc of mrtrg n ., Srf jft . )l|h , N m|h . 
Clluilihrartun tF-N|t 


79 

70 


94 

BO 

71 


w 

94-9S 

99 

99 

*-*3 

79-90 


IW.4 Reduction of cyclic ketone, with dissolving nteutls 


“ n i l ™“' s delved'in'Ler “cohote (M + ROIn' C '’Y S by ? llt ' lli »"<* alkaline 

prodiioLsal raoS iin a ]| ra . <B.rch and Subba Rao 1972) The 

one notable exception being no ,^0 2 ’r *[™ bo ' 5 (Tlbfc *2.2. Itol ec u™) 

Here also the more stable Iro ns product, are foZd iMhe^on^^f 10 ^ 

'SS i ^ l,t ~* - — ofrrdtmta, „ eydie ***, 
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1. Iteduefiffcn of >uhmil«J cyclic brlmirs The mtthaflittn or Itirrh reduction 
faiul Kiliu nnn wiih alkali mi'fnk ill IllfntNllx} "Ta nUimlnl tciotir is sIkiwii in 
rij iur 12.M I hr iniMlv Ninnnl krtyl rjiiH il I A) arising mil uf n sjnf-lr rl rrtmn 
imivJer is MieVbd in hv planar nl (hr twin my I Nile sumI k rrMinanc* stabilised will, 
Jl\\ nf ilk" iniiTaircd clrttftin tin mi y Imii io| mi i-artMiii II llthhe 1972 jtlMti I t.K 
mi pralunntitKi fin itu- prtH'ntc vi ji prnhm donor e$* ttUII] five* n liydinxy 
Ciifhun radical 1 Bt in which pyramidaTisaiion hu muin'il 10 a cnnsbkrahte 



Fipurr I1.M McdunKRi of iiiluclinn ill i)LMruhiw milh nub 

alcnt. The hydroxy croup for OMt is oriented alransi cxdiwwly in (he GfjUiiUmn 1 
position. The radical f B) collect another c kciron and forms the union id which 
imdcifOOA a fast prninnfliinn to pivc ihc tram alcohol in 99'** yield, I hi 
assumptions imHitsiC in the mechanism arc Hi at the hvdn’ty radical C11 1 has 1 
sufficient life lime u> adopt ihc mfirc 'lahie conftu illation ;iihI dial ihc priilunatnui 
of C (with retention of crmfipimriotH is fast in comparndfi to conhirmaiioiuil 
invrniion. Two mndcttuas ics of this mechanism mnw be pointed **tii l iMitialkm *>f 

•J'l i:f i.’i iil.i 11 iii.il ait.■ ill'll appeals hi 1 iiscifiii|ilmsisc like lilt jitVisIsiiainii' sinI>i 1 iIv nl 

ihc hydroxv-radicnl till [compare with the value nf 797 when the chMftm r 
fcphicmt hv II in ruble 12.2} and wnunllv ^mirhnrniimiac 1 pm** an excess i«f 
llie less stable end ■ isomer ia imu ■ onliMuiinp . jim» i isvnil* I'iioHmm fl'W*) Im- 
pfnposvil an (Utcraathc snfjj'tMiofi haml mt Tu (tin's I r noth'r wtilntilai mi In ml 
fj MO) appttmdi. According in iliis. Ihc 2-i and Vk n bonds iH< iMO'm me 
favtturabU disposed lt> internet wiili the singly occupied L'-U -* ■ rhit.d r SO MO) 
in the radical anion f A1 with the result that appreciable pyramidal^ lion occurs in 
the kctyl radical and the orbital is extended in the axial direction as shown in P. 
Thi* slefiKwIert ionic effect pr a kinetic prrlrwticr for the axijil attack hs an 
elft’iron of a radical nt the carbonsl ci’ibnii and has been termed Fuken effect 
f Full mi 1975l In die ca<c of 2-nnbiinmitine 1 Firurc 12 65). Ihc iniciacrlion of ihe 
t-7 it hnnd orbital fuuiikirdl wiili the C*0 rr* orhirsil Mom an orhimi CftlMisfofi 
aloof 1 Hi i'\n directum producm? lire rudo J<i*'linl II so S<■;* 1 1 [ 1 c 1 t* ikn m Ihc 
■n 1 row radicals fas If and I I. the OH pump is 'iflli|ttf+p1»na.r 1 r warty so with the 
mu rjuilnp u hittds 
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fipirr \Z&5 Rtdivrim rf2-imrlwHninuw 

, 1 ^“^ £"£ 7 ? T ? c *—»•"* -r 

IKhivm in liquid wmwi , idj-mwi WBaitaMkiT'""'*'’ wi,h 
Ik represented by tfcj m“™ “f "-^-unsaiuraitd ketones with manl-amine may 


>c-c-c =0 

fi * 


M‘ 


>c-c=c-<W 

CG) 



OM 


H 1 


I 

>C 


I I 


C a C —OH 

.. (Kl. and ,| , tfipurc I2/.M Ofltere. .hr ft« 



H * Wf I2M JlifrftnWmiMfy .rf mcul Ml inJunim trf I-ncldm* 

Iwo are siereodcclronicallj allowed fiht p orbrial ai Cn overlaps wiih the 
atunck'd^- orNLih anil an- primal gsivinp trm i- ami rA.rlccnWs fCXXXm 
arm 1CXXXY) respect ivdy. A stcric factor, hoover, dcslahflises the dijwfon fK) 


Scanned by CamScanner 






4 

39R S/cn 'och < r fii i Ktry 

™ ■*"“ -**. 
■axial rntooalh*- a,i s (Sttltk „ m , f!m ” P “ kno . wn “ 

whether Ihc product it n ril r*t i , 11,1 l, T!'t | t: irrcspt'i.1ivu of 

^hiltotion hy t nX n " C '! C,C ” to ' 

<r m ,. and r,w ralul ,u Xoh' " :i mi.. ,.r 

^tt^ttariSSsaS: 

sfeS^^sssaawssa 

(cSfxvi! e0ehC |, n, * lal • ”** for a fcw 3,4-dau|jsti, 0 | Cd cydolror.I^™, 
ir n. , ’ are F ' Eutc 12 67 71 k mulls con be explained ,vi,h ,he hdn 

pflhrec structriret (M). IN), ond (0) for the dianions [Fie,re IJdfl! ,|X S 



(CXXXVl) 

R - R 1 - Me 
R = R'-E\ 

R “ Ph, R'-Me 
R - R 1 - Ph 


(CXXXVflJ 

es% 

56% 

6 % 

2% 

FW iun SlcrwchmSblry nf«d«t,V, n ctf<*K K w nts 

1 


fcxxxvmj 

14% 

44% 

94% 

9 8% 





-Fh 


EKJ 


! 


<r» 




rii;urr 1D.anionic Sfwki- frmn J.4-ilist itisrirninl ml,+rMrt*wt* 


•Upifnlly. Ihf a Kill rrrtiYiiLmn kneK Co Ihc more stahl* WHudecaionc. However. the Imni isomer 
rnjy ikH necessarily be [In: muir ruble in all ca^ Thus Ihc uttalnnc fCXXXUI R - Me 
R - ?Mcl no reductinn five* ih e tnir* istmirf ICXXXIV. fl = Me, - OMc) via the d.nnim, 
j; fa a ml prroofljuwjfll. Bui Hhi is cerlmitly lea n*Nr I tin Hie CH iwmer uiih a noo-lfioiJ unrcturr 
fpfCHlurtd via Ikdiinion, ai L) fn fchkh I J-dutial mlcraciitm i%sb«rfit rt'aine ivtay 
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Djwmlc Sttnechcmtory I; Confines™ end Reoat^y m 

and os fCXXxVlilJ^rodu^ 0 ^™^^^^^ 11 ^ " lc ” ,io of lr " 15 tCXXXVlr) 
may be observed da, .here J„ fSTJS.? .'i’' 0 "? » ** reason. Ji 
formation of the dianions A carnWriiFo r ^ 710 ^ Den " c preference fo r th c 
detennmes the •* ^ 

trails isomer. When R js phenyl dcciicui rij-1* ? Cf . whe . fnin * P rcfiff cnce for the 
(he phenyl proup forcing a cophnaritv it n_ r °“ M, ' on . ,n the d «flion extends to 

cSwiByX ^n a ^X^«V ni1 P ?“ h " tSht 

;«?• “ prod “ “«»-i- 5 r s, < 2 e , yf £?ars- 

J2.9 Summary 

and msterals 

perimetry. The study t>rconnjrii^iiio,^ nn i ^ hm ^ h ibc 'rans.liun sum 
MctCOchctnailry which has hwu divivstiFfa |™l' one a^i of dynamic 
Opes of substrates: {fl amrorrmiti'anaJIv Hrid C 1af>[Cr ™ lh lhc J,cl P Of three 
provide information on *h c relative ™L a . n£tl,COmc « cyclohexane* which 
conform? n ft) a pair tf4B “* or « «P««U 

only one 0 f the conformers is maciivc d dl 1 asIereo . mcr5 in «<* of which 

substrate Misting in iwd or “ *° sle I coc]cc ‘roni C reasons; fitf) a single 

diiTerem ron^equilibraiing products. pKrcTTc6 ot,n *««wftS whieh giv* 

reactivity in systems hi wNe^ contain ? a,l ^ ,, ! c corre ^ t ' n E conformation and 
renction mtes. On™ VwlL^ nTl^ b ^cr than the 

reaction mie of the con forma rionallv wfn ch qualifies the empirical 

reaction rates of (he individual confurmersand^h ' 0 tenni . of the 

ts the Gunin-llammett principle which correlatr^rh^^ P ?? Iat ‘ 0n ‘ Th «*Onitl 

Centro are necessary before ihe rairhVir* arrsngemenij of the reacting 

conforms of each dfa!«L„ K l4,k " phce : Ve ^ ofl ^ only o4 
such cases. V a Lnw a tfZ™ C «^ cctf0n,c , 

reactivities of the diasterenmeis Thfe^Wri^T^ dc,em]inc ,he relative 
t«i«g both acyclic and c™fc «amp|„ 

enumerated under 4-7. ^ w^lusions, arrived at are 

the aiial than the eqmUon^f f ?° 1! a s!owcr ra[e for 

substitution at a ring item goes at a r«i« J?r of . slefl ? h,nt!fance Nucleophilic 
S,l reactions—a case of ^ Stance, 
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Z IT **™ Ffwi trans ■**** 

smic with the two leaving groups aniiiwinif *™ m " 1,1 wh «h the transition 
again a case of stcric hind finer Him K H **fsuffers from n lesser ’reK'ffircf- 

hindered} is taster than thai of un equatorial dfcnh 1 ]— ' >f ° n 3X111 a,cotl01 * m °™ 
filcnc strain is relieved fo the a *ia] chromate in. * C3Se ° f ,rcr,c Stance 

keioneK Chromalc ,nfcr ™ d '™ through conversion into 

of^imZZa rt IteZ'S ™;ZZT /han m "l-hough both 

-ion {when both s yn *?"*'* “* ***»'"- 

a poor IcavL T'TZLZ^ °*1*^« ■-wnterffcrtna 
poorly dittociniing solicnl favour thp n!™!- 15 ' ’ ? ,,0I>E anc ^ bair. and a 

dio.inn.ion Lake nl^ ^- Tr el | m ,n al , 0n . Wk™ tal |, ami and syn 

l«nr oMim “ S“ 5*J|“ «$* «"»* «» ami aid 

dichotomy. 1 y m0dt oF Tha is known as syn-am, 

and s,t“ ° f lh ' rml ^ r nl ’"> 

aasssSSSSrS5S9=? 
eggSaaisisiSSEs* 

chJmctcnvX'nn Sm'"'?™ ■.... i. 

II, v .. „■ * ' 1 1 1 , a - lon or mit-ifiq rate nnj mcndim of ('mill-until in n 

> ^5, ,llR /™ lrC ' : ' :i0,nJc!f ,,n,v bt!L ‘ n piwn m ilfiftfnuc ||>c rviMfriptiliiui ( if a 

**»■ Wtf* 10 a double bond, and min „ bold 
• amcipanon of an aryl p roop fphcnonium ions) is pnrlicuintly inrcmslinir 

lZt:Z Km T ^ mCKn " ! in ,hrK and confotmSTf ihe 

■ cactTvc spracs plays an rmportan! role* 

■ J n ^fnuorcnyl derivatives, conformationa] ifemera fsirapJGarners) have 
been isolated and their reaction rates studied. These compounds provide examples 
showing difference in rcnctiviiy in two acidic conformed (nni logons to ami and 
equatorial conformcra). 

A few reactions such as | yroton.it ion. hafogenaiion, alkylation, and acylation 
which ore mediated through intermediate ends or unotate ions derived from 
ketones Have been studied with particular reference to Ihc cyclohexanone svstem. 
Two approaches of Ihc electrophiles, ontipattUld and parallel both fulfilling the 
slcrcoclecIronic requirements {overlap or the empty p orbital with (he etiolate a* 
orbital} have been considered. The former leads to a chair-like transition stale 
giving axial substitution and is usually favoured. The parallel approach, on the 
oiher hand, proceeds through a twiM-bo.it transition state and is more strained. The 
presence of a compelling steric effect, however, can reverse the situation and un 
equn tonally substituted product may be formed through parallel attack. The effect 
of ally lie strain in brominalion of on exocyclic Ketone and in alkylation oT 
cyclic enamines has been discussed. 
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Dynamic Stervochemisirv J: Conformation and Rtutihity 4Q I 

10 The stereochemistry of reductions of cyrlnhc tannncs #rc ,f„|| v „iih me Li I 
Wojjta.te.d-'.rt m tt.tnc rf ..rious facto* such Z product" 
lilt , ne “T t,,mro1 ,SSO - l<,Bl0 ™ , «d orbftnl Iniracidni. 

T"'"? 1 a '“ h0ls in lht '««0» of unhindered 
, '“I f nhmcd lo a torsional mi. pnvclving the anal hoods 

C f *" d < n " 1 * 1 l ™‘ f "w incoming nucleophile from ihc equatorial 

»n"i c^r c': h lhUS ^ ,h ' ° , ' wr ha " tf - if * “ «™' 

leading 10 aaiauLhotefc prefer™ doirmaw and an equamrial approach 
, .j ^ hc rfdumin erf cyclic kernnr* hv dittnlijnf im-lak nr hv Eiflitili minis in 

I^V c' :: h ( ? CtT ' i‘' > hl ‘«« of norcamphorl has been discussed in I he 
S?a^ "LTjl" ,,mV f "™ 1110 ' 1 01 3 '’^'"-y kC'lradicaljoc,,aversion, 

ff)9 II hnuee" and *“ 1,w ‘i™i protonufon. The very high equateriaI'aaial ratio 

ror J e aaia' . 5ll!, '" c,cc ' r ™ ic c Oi , cl providing a kinelir prifccnn: 

lor BXul iill.ii l ulndi has now hern in Irnns ni i fuLm -If™-. 

ul. rVT tlf "fTntpiM'Hv praml hmul* will. |],o S(1M{) n niu' / r ri5 mS 
dunnloiu Uchvcd * ..™ l ”*" r ,mi,<MI1 . . " r l,w 

RffrFtncti 

A«h, T.N. and EiKiuuin. O. (1977) Mw, j. c>WnJ , j. 61. 

Biilsy, &.5. and Siurnfrf*. IV,H. (I970J, J. Am<r. Cfitm. Sot, n tfXH 
T a Id win, J.E. (1976). CAtfrtt. Cantmn r . 73 it. 

UarJhcfh. Ft-A. and 2nv a[ tj. /, (j-gflOj, Cftwn. * rP .. j& h «u_ 

^ ^ f A ^ Parrffilln - R M - J Ch J 0flh 

ISjMsirh, «.A. fl97](, / Cfrww, J*:,, Jesj. 

l^rKHi, J.A. 096JI), /In***. Chen t. /a/, £rf n . £ tyt. 7 r 779. 

' r ”' iC ' " “•**• aw. hX and 

Um«n, Il f. and Liu, KJ. f|97Dj. / d^r. CActWj AW . gJ , 2ai 
Ufo^, Jl.C. a(ld (JftK, ll.jt. ,1-JfiJi. j. cw j*, „ J(|2l} 

UL S.°U. J Vll' m E,|,I,,0<hf,,,il1r ^ ltJ ' Cim.ladyf-fiWmd I ifld 1 , ^sgrir. C’A^pp. /«. 

tsuhc, 11, (197*7, « “Orpanie McjciJoik', h P |. 23, WUry. New 3ci f L. 
sipaiMI, jnd Mh-Waniiv SJMIvrH hi ■Nri,hl M iurjn i; (i„ J .,,, J-ju^pji^i', Hcium J',™. 

Oirtnr, M. Welkin, K. and Si^htr. J, (lyfijj, jf. CAa-wi. JW., ;j|^. 

Clhtreu, 6T, Anti RIUll, H. IIWUIJ. C e(frn , jjdj, 

OifiJjk p A.S. {iyyjJ H y. d-lyTPt/. O™. AfJi'., laJ. 454IJ. 

(.irjnLhL. A.s,, Tati, U.u, and /oilmen. f,H. (I7AVJ. /. Awrr Chr *i Sat 111 KJjT 
CoElmi, C.J, ltV 7 Sfr Q Um , /?„. Okw, > S , * 

“ lfl ' tl,araiI, " : JWtf &fUC ' Uft ‘ «™rtioni f . Marvel I*Uer. 

t h>pt, A (. Jh LclkL NsA,p Lj^ p MJL jjoJ Moore, W_R. (l l IJTp / Hrrv/ rArjjj ji’h, 

b.l., Mi., a. Jt.lt, an., Wa. It illMJ. ** CT™ ^ 

"%*! ^ ,W; 1 s ™™- K i cut™, 


Scanned by CamScanner 



402 Stereochemistry 


Sik-iif Lffali »h Organic l'lnfi|ikrj , 1 ekiplei 5, cd, rfcMiiiiMk, M.K. Wikj, 


Crum* U.J. (IW>, 

tw-lffll, 

Cr,vn. D.J. ( 1 W 9 ), J. Amtr. Ctirm, Hoc., 71. JSSJ. 

Diiuton. W,f;, r-'Aiikc-H. C:.J,, mill Kayec. HA (I'Jlf.). J. Amtr. Cti.-tii. .yj<-„ II, ’««. 
UciIimifJuiihih, r. fhwLJ), m 'Sleitifcki.l runic I llcm In (]»pmnc L’liciiiiilry 1 I'icia. (_W<,ifd. 

I; tic I r E,L,, AJ!iit£cr, N.I_ Angyul, S.J, And Morrison, ti.A, (19651, id 'ConffirinatkfnaJ Anutyjjj", 
IncciKicnLC, New York, 

£Licl> IZ.L. (1 *>02), in 'SLerttKliemiiipj oT Carton Compounds 1 . McGraw-Hill, Sew York. 

Elld, ILL. and Ro. RA (1956), CAenr, Ind„ 251, 

ElicU E-L. (IWOJ, J. diem. Educ., 37, 126. 

EJid, ELL. Schroder, S,H.,Hreii. TJ.. Illroi. F.|„ and Richer, J.C.dW*). J.Amr. CHtm, Sue.. 
IS. 3327. 

Oel, ILL. and Snida, Y (mil), Teiralniif tin, 2b, 211 L 

rukui. K, U'-J'rSi. in 'Thcccy' of OfLcniallon and SJitreobeLxmm’, Sfrifigcr Yeibg, W. tktTnany 
Gold, V. (L9SJ). pure & Apjrt. C/ifiu.. 55, lift], 

Goadbraiid, H-B, and Jones, l.B. |I9TTH, Otcrri. Commn., -4T[>. 

Grob* C.A. (19*9), Ansew. Chem. Ini. Edn. Entf,, *. 355. 

I l.in id,. M, (1965), in ’Con formation jit Theory’. Acadnni? I’.nsa. New York, 

Hcimricancl, L.JL and PrilTrr. R II96B). Tetrahedron LrfrrrJ, 645. 

■ton*. H.O. Arnl I'isUici. W.p. V'H#), J. ffr*. Ciimi.. JJ. tf.ly. 

HOWVC. H.O. <lir72), In ’Modern, Symbolic RcaaiimC, 2nd Ldii„ W.A, lierpjamtot. Menlo Purl,. 
CilifaniLi. 

Huffman, J,W. and Chirks, J.T, (1968), J. Amtr. Ctirm. Stir., •to. A4K6, 

Jacktun, II,A. In 'Mcclianicin: An InlrodutllLNii m I he Til ml y ui OikilmTc HcmlumV CImilii. 

Ji’ii J'rcM, Dhlord.. 

RaratJy, S„ I enlinbi, M and Wolff. JML ((9M). Itutt. .W, ( bun l ruj| iTj 2 172. 

LJrmjo. W, and OmbLlier. II,H, |l'/7*), J. Arne/. Ctirm. Sor. J INI, JhJlf. 

Klnpman. Cl. 1197a) in 'Chemical K«Mllvi)y am] Rcndfeii I’m lit’. Wik-y, New Y*wfc. 
i.edPPk.xr, IL mid IEllliwt. t'.ll, |S‘.APl). J. Aimrr, Ctirm. .V*-,, Hit, ,l*H. 

I.tiwry. 1,11 uml Hkliar«lhim, k.!t, (I'JH'J) in 'M« I NiniM.it ,m,| IJm.ltv ■■■ e Pie-m iv i li ,mi ml■ y’. ini 
Nn„ ll.iii^-l mid Him, Hew Vink. 

kllifid, W.M. (.(OKPI), trfr+ki'ttntii, 34, iPAPI. 

Mnltimm. S.K. and Julimon, !■', tl'^W]. /- Amrr. Ctirm. fit*',, 17, yi'i.i, 

Miyo, I', d« 11*5), in 'MnfociiLu Ri-urraintancuiv" irijti. 1 A IL. ItUciwienLV. New Vurk, 
MeMtrtion. R.J.. W'legnra. K,F,, and SinLih, S-G. £]9Sl>. J. Or$, On iff., Aft. 9‘L 
Mehia. G, and Khnn, F.A. (1TO). J. Amer. Chrm. Soc,, 1 ) 2 , 6i4i.P 

Mukherjee, 1>.. Wu, Y-U. HrOnoik. HJt, and Umk. K.N. | I9SB), J. Amur. Ctifm. Sor. I JO. JJZS. 
Nugara, W ,inJ YtishsiAj. M, (I9T7) Jp 'OrjJnie Hcaeiioni 1 , V*l. 25. Wiley, Sew York. 
Nnsjjujj-i, D. Dana, C.upa, M„ and Maliapaira, D- (17W>. Pipe. Indian Ata/rp Sri. Aftfrf.. 90A.41, 
Naeifujrl, D and Salia. A. (IWU), Indian J. Chen., 2711, 47 1 , 474, 

Nc*el, T.P., 5ilii, E. ik\ mid Wiliuri, Cl., (I7J9J, J. dim p. ,Vnr„ I ItW. 

Naujcn, T,A. and Eiwivicin, O. (1577), iYohv, /. Qrm., I, Al. 

Olti, M. <]yS4).y|ff. Onm. Res., (7, IW. 

I'cnrim, k. ,unl SclinnJi, Ci.M.J. il'WJ), jlnffie. Ctn-ut. Ini, t.fhi , I ntf., K. fan 
H'lMmirr. Ci.ll. II77J). m 'Oijiank' Ifncilmv 1 , i<4 1 'L ttik’j, Non 5mL. 

PradhJO, S.K. [lysfi], truuhntrun, 4i, ftJJr. 

Rei M*K (l 'mi. J . Ort. CHtm., 44. 27W. 

IIIcIkt, J.CJ. |I965), J. O 5 . Orem.* JO, J24; Mardi.in. J.A, and ( yrrull, K .If. i 1 * 5 ). } f Irg. ( fttrri,. 
30, J74J. 

Sdirtiber, J. and Epchcliafiirr, A. fiv55l. /Mr. iHim. Alfa, JJ. JJ.'J, 

Seeman. J.L (im), J. CArm. Edur., 63, 42. 

Sceirun. J.l, (1093), CHtm. #(y„ S3, SJ. 

Sieher* J . J1972)* Arr^fw, Cktm, tm. Edn, Eng/., II, 2Wf, 

Sinrk, G, and Krcft, A,F, (1977)* J. Hirter. Oimr. .SVn.. VD. ,1H?». M7 1 , 

Si ark. G.. Cana, L,D. and Coution. U.H. (IVT4|, J. Auvr. CHtm, Vuv. 9*. 


Scanned by CamScanner 










D> "" m ' r l: Cmfmuniha ««<> R„,„ Mty 


?! 0fk ' C. and Djrhnjj. S.D (!«o. j j 

Tno Yu-1 amiSaundwi. W.|(. n^w T ' S °*" 1,1 ■*!». 

fnjliflm, J.C; Slime |i || ’ ■ AH *rr. .v, | BS j| P , 

2** J ‘ n, f . . . a j. rv. cVi;*, 

... 

rs^v'S; j i ... . 

YamatfaS-l * n J Kd S *. Ji'" m™“S i" J ^ h " il),i ' K [|,J7T *- Ttmhnlhm Lt „ m ,™ 
, B *■ Wiley, f£ U J " Tram/ormiHOfli 1 , 

Z " l,#v - n.s. im7) rff „ WM n 


403 



Scanned by CamScanner 














Chapter 13 


dynamic Slcreochcmislry II : Slon osclccllvc Res 


ictiotiK 


13 f In (rod tic Nod 

m ,.» synthetic ^ T ' re, " t,, ‘ l °“ 

3yiiibeas a fu« diwu^ion of ttSiirli « h ri ? fl f‘ llllr * m I lha5,s 0,1 stereorelectfve 
Morrison J9S3-15R5 N6*™di IM7 Tt^I beyond the scope of Dus Jtook f*« 

*mfa» discuscd^ d ^ A f ^ pf,nc »P fc * «lfvam 

JtaSnfSSi lL C Sr' ,e , £?* ; “ » n- by 

defends on ibe difference ■■ ^ lO wtiirh rrtv the onmeleclivio 

I'.V cariyinp nui r ^ PCC1lvt lrjlwilin 1 WW ~ 

errata,*,,), *p,*£!£uL ^ ? "* 0W . ,rol iB "•** cate the 

common while the JSShSSj?-*"? , " nhod i( b > r “' «* .none 
chiral centre can be pn^tv niniir-n^ i \ W occasionally in cases where a 
almost exclusively, 1 P the prtscju dwc!T * ** ' ° ^WtiMunvr is Foum-iJ 
through fcineiicatly cnntnilled reactions. " emph!la * “ * 1 vcn 111 stereiwcltciion 

13.2 Slereoselecilvily : edification, lerminology, a „d principle 

l.t.2.t Claxslilcalimi iitul icrntimhiL'y !> 

l«" IJ' r ,',“t * Wr a L ..a- Itnwln*. 

.. 
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Dynamic Sfervechrmistrr II; Stt?n t aseJccliw Reactions -105 


Iw-O slcfwchfiiiically J ilfercnt jiiNhh^ fdia.ctc reamers or enaniioniersp read, 
uglily under identica l cori diiiun i;, m different raws fonc may nni read at all] in 
give sittcoclicmicallv or even comiiiuiiorully different products. Following a 
pr of /utiitiimiii. ITii'l fl k )A2) hn^ Lk^igmiled lHe firsi type of reactions, as 
sit ' id r fi i i v 1 a rid i J V second i y | k~ flic preferential forniitlinit 

( l J(M ol \\pi;t|Ltriii] by fedmuniii of d^uitylcyckiheiiariime with 

lt, ) | i' 1111 aluminium hydride i% mi example of Mereuwhviiviiy wliilL 1 die formation 
°j a nil ru-2* butene hy di-hrmiiinmiou ol' iilrxu- and (.tJ-JJ* 

dihrLiinobunm' rcnpevijirly ft'fiapier 12} is an example orstereospeeifpcily, Ji may 
tv onifJ ihui s icri’iwpfrific read i on it a rc also highly s teret e Icctive ju ihc sense fltal 
a JiiiFterfoFnrric sfjrtmn material ofien gives uIliiom exclusively a single Slcreo- 
wmcric prixlue[| Co nsidered in broader perspective. Mcrcos dcLiidt y acconling m 
ihis defin Ir ionrgfe ry to product selccmuy and siereospccificl iy re fers to subsiratc 
yledi^iiv..^ rhi!t difference in ilie defim'iion* is. however. sfiiinm maintained in 
ptaiuee and [be mo terms are often used synonymously. The confusion may be 
avoided if ihc hvo types of selectivity is brongli! under the common ter urinology, 
k'-F- y ti'rtW’hriiiilv wliiili is then imyrtled hy fnvduct, NtfotnUi'. 01 stiiiximtv - 
predm depending on ihc *iiuiHion :is su p ecMcJ by J cm a J19 7V) anti elaborated hy 
Nogradi |l L J?l 7 i, flri' appear in be more consistent wilh the trends of Rncliemisiry 
ana pharmacology. I unhem,rsrc uuco-vlauvin unlunii any qualifying term may 
he used la denote product stereos* lechvny (more important for organic c he mists'! 
so ihot ii retains itsorigin.il enunciation and the term sfercospocrficily stripped off 
its controversial meaning may be used synonymously wilh stereoselectivity as is 
ofjefi done in the literature. Thus the subdivisions may be made as follows. 

, | 

^f*“V !■ Substrate selectivity. Depending on whether the substrates are ilia stereo me rs 
or enantiomers. s ubsi rate, sic rcosclcctiviir nm bcJurihcr subdivided into substrate 


Jkitereci selectivity dfltLsubstr.ite cn amioH'lativitv . Enzymes, which very often 
regti wuh one enantiomer only, thus show [ oral su bstrate_g nan[ ios cjeeij yiiy. 
Except ;■ for enzyme reactions, ordinary chemical reactions using chiral reagents, 
vTialystsJ'br medium are not generally nr high sub strate cna nti osclcctivtmvhile 
^ ^^tVJte diastercnsclcctivity particularly or reactions wirh ste ret (electronic control 
oyyjVyiy high a< shown hy examples in Chapter 12.) 
y^:\ni?thur type of selectivity may be mentioned ip' this connection for substrates 
vjV which .i^-tjpable of reacting at more thin one centre (polydeni molecules] but 
fcaiL-irT one centre with a higher rale Ilian nt the others. This js known as 
rrgiawfecih'Ity. Thus 2-inethylcyclohCMnone on base induced alkylation gives 
jsmMly Z,2~d i in el hy [Cyclohexanone and nnlv a link' of 2/v[.limctby1eyelollcJi;iilone. 

/^AJkylnlitni vltilis l l-alLyhilioti nl /l-kvlo-csters provides another example in^ 
(i 1 ’ which the ruin of ilk: products. Jc|ii‘iiJ> on various lactur.s, 

^ 2, Product selectivity. Product selectivity refer> io cases where sing le substrate 

, _ n^fs capable of giving two or more products but one is formed predominimU. When 
* [fie products arc stereoisomers, c,g.._dias*ercBin£rt.flEjeiianiifiriieis. the selectivity is 
[cailtj produci sittfOielfclivity nr more precisely, product diasiercoselectivity and 
. r ' . product enuntioscEeciivily as the Case mav be. Accepting the suggestion made 
** tvfote. the word produci - may be dropped 1 and they are referred to simply as 
Jiastercovdectivitv and ennntioselcciivjsy. 
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406 Stereochemistry 

a TZn 2 ,hc r ? aUv ° f ,he more abund »"' 

wlcvitviiy or^:." ° r " ,M T onw - n <* ** dnacrc*. 

is m, Alternatively. it may also ' h, !' ,,ini J,lu,nin ' l,m ^dile 

P'™ cW ' “(a^gamEEESS^^j SSS.T ° d - ™ re 

and also to the analytical v^tu« fW ^hV l ° ^ e * <i r,< ASymniclric inJuuion 
dnui f w Gnjitcr 7). ‘ d d rmm npltC * 11 TOtflIion ^ an ^ from NMR 

(1/nmT n V n { nii m | «<i«*clrnm. min* v |. flN , nm(h ^ 

? Mlli K . , r ^igrgodilTc-rcmmli,.,; .cj.cifo»“ mill .fa T'. W ." J ' C " ntl ‘T l,lr I'-™™! 

Z^'7rLTZ7l' n ^ 

id viable 10 rttain ^ “ " 

13.Z2 Principle of stcreosdcclivliy L ^ ^ J* ( , W''~ 

®3i e ^■J^^aaaaa 

“J™:3LefJb£jcagjngj*rc»i»_fl.C_faccs." A* pointed out m j^Tv 

f' ^ 

on «individual basfe and no G w d guidTS ^“begiveT™ h,1S “ "* deCWed 

( TWO di^tcrcomenejgrids or f iCes by their vifry nature eive two h;,«™ ■" 

•S3 .11 K.lrin.1fT, l01 ,"" dCV ' l01,ine chira 'Wl« »r 

ZS£ZZ 5 £~ - fc -jr f '™ 

v* 


9 


\ 






v HZ 

Scanned by CamScanner 




























Qt. 


. qf'- j 

P ^ Dynamic Sinmctemtary II: Stemaeleatye Raaaiann 407 

nf I^uT plC ° rcnanUa5d f^ fraction stated above is illustrated with the help 
l ^ (F 'f re 13 ”■ A “*°P h '»o"e h« lwo cnaiuia topic f” 

ZJL^ 0 ™ 3ai r" °;f i,no,ne, “ lli<: hydride re pits tl led by H-M(L) 

ciihcr face lirough^d'innsT °' !!£ nll US n ‘W™* lhe lri e°™l carton from 
, * Z' v 7 e ! ° tn " 1s,lMja st *<« TS-1 end TS‘2. If L is achiral (case A1 
C transition slate* become non iupciposnblc mirror images of each other and so 
equicncrgctit y?- and 5-alcohols are *» formed in equal 

!^!V“ d *** C °- rSf diaeian| “^“P 0 "* ^ ‘hat m the upper right Efl^licv 
celectiviLy is non-east cm. Bot if Lis chiral (care B),lh 0 iwolrai^iionllalciarc „„ 
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4fiG* # 0,[R> [5] 


RtlCliUn- £**rdlnq l| 

Flpne 13.1 flinciplc of fiifiiiosctcclive enclioi 


' An illurrnnaciaE example of lhe latler etis ii the ndriiiion of mtihvlmjfncaium inside to the out of 
phepjflfiyotjrljc sod end in opiei% idive alcohol (tee Prelaw rate m Cluster >1 The mclioo b 
tfi*itrr«Melcnive since one of .he diaitenenmene product (which contain tnt> chm| ecnirtaj b 
foraictJ preferentially, Huwcwt, m hjdroEysEs. the alcoholic cdmporwnl it detached and rtmliefe 
end a oMaidcJ m *a eruntiomcric excess tehreh. if hyJroiyjis b qvanliutive. b equal In the 
fliAEtitWmcnc dicca Til lie fin| Itlflicm, The oven]) prtiOffl if this cnimiwkciiw. y 
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408 Stereochtmtstry 

longer cnanliomertc but diastercomefic. The energy diagram (lower right! now 
shows a difference in free energies between the tw'O transition slates (A3G r ) and 
the enantiomers are formed in unequal amounts, the /(-alcohol predominating in 
the case shewn. The reaction is thus enanfioseleclive; ihc stereoselectivity is 
achieved through Ihc for mat ion of two iliatiertomcric Ininsitinn stales. It may be 
nnicd Unit Lite ground slivlc energies of die punlucls tire Ihc same ml w muter 
thermodynamically com rolled condition, ihc product would he racemic. 

13.23 Asymmetric synihesls mid nsvmmcirtc induction 



(Two terms which are commonly used in conncciinn with Rlcrcnsdcctivc synthesis 
arc as Y mm cl rLiVl'lll fflis and asymmetric induct ion/ According lu the original 
definition (MarckfvuLd), an asymmetric synthesis is a reaction which produces 
optically active s ubstances fronT sy m roctri caII v comlituicJ liompoujiH i.with lfic 
i ntermediate use of optically active materi als hut with the exclusion of an; 
analytical (separation) process. According ioa broader de FI nil ion by Morrison aiul 
Mosher (1971 y^an asymmetric syniheus is a reaction in which an achiral unit in 
an ensemble or-substrate molecules ( having cither cpantinionie or cl taste reotoric 
groups or faces) is converted into a chiral unit in such n manner that unequal 
amounts of sicrcoisomers arc produced/Asymmetric syntheses ihus comprise both 
enantlo* and diastcrcoselectfve reaeiions with the proviso th a t n new rhirai rrnfrf 
is creat ed. In many cinintieiMrlcclive syntheses. ihijc is often ildlical ihu expense of 
an Old one in which caw the asymmetric synthesis is called self-immoratur 
(Mistow 1965). When the products arc diasicreo fliers, I hey rnav he cither optically 
active or racem ic. Confusion :m>es when iraci™ give two achiral ili:i'iHTViimiT\ 
c.p,. reduction of 4-Mnitylcyclidicx.nuiiu; mrij. and frirai-^/dinlylL'yi'liilii-umils 
According to the iilnivr definilion, ihis is not an asymmetric syntneMs but ihc 
a iia logons reduction nf 2-methylej nrli.Jicjj.n oni^iR si my an riildiiiorinl l~I ii ml n niir 
Ls being caviled in the process. In spite of ibis anihijhiily. the li-ilil is evlensis L -tv 
used and a Series of volumes edilcJ by Morrison (1983-) is nilillcd, A.iptirm-irir 
iyH/Acri.t. hi. thin Ini, ihu term mi!! Ix- replaced hy nunc pivdyi utiiiv finiuiit- 
selective and di;istereoselective reactions as and when appropriate. 

1 TllC somewhat parallel imhirtiim iluliiiL-.sjliL' extent of asvnuneui 

induced at a prochiral centre of the substrate cither by Hit i hi rati ty ol ihc reJgShT 
or by one or moh: chiral centres pment in the substr ate mo lecule itself/. .In an 
enantioseketive reaction, asymme tric induction is equario ihc enantiomeric excess 
fee) and in diiRjiieoscfcctlve Reaction s fglvTn g' rise to a nety "chiral centre}, ii is 
eqbaT to*lhe didsiertnmcric excess {de\. 111 —“—■ 7 ~ == " 

13.2.4 Don bio duster cost* lection nod double asymmetric iutliictiiin 

I In dinslcrcowlcciive reaeiions. the asymmetric induction (de| remains the some 
whether the subslrale is c mnnifomericallv pure (jinm ochicil 1 ) or racemic provided 
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the reagent is ach if si/The situation is, however, different if the reagent is optically 


, ■ - -- - i'ufvm im uiniMtUJ 

pure. p>e effect of various combinations or substrates and reagents (achiral or 
chiral) is best discussed with an example, eg,/the reduction of 2-mcthvl- 


reagents (achiral or 


cyclohexanone (wc Nogradi 19S7) with H-donating reagents. The ketone exists in 
two cnanhomeric froms Sand i? (Figure 13.2). When either of them is reduced 
With an nchiral reagent, eg., lithium aluminium hydride, (wo iliastercomcr* fire 
formed, a (runs (15,25 from 5-fccionc and \R y 7lUmm /(-ketone both desist* 
I according to Fretc^Secbach) and a ras ( IR , 25 or IS, 2R designated u), the 

former prcdommating/Thc asymmetric induction or dJastercomcric excess (del is 
given by the equation: ' 






II 



H 





M 

l$j25s S$ 

U\ 


H 

\f?.2S*rts 

in) 


itt.tR m ffjf 

t/i 


MjEnrc 1.1.2 1 iimplr of JiHililr tliMhrn-^litiinA 


This, holds for both the enantiomers of the ketone and so for the racemic ketone 
« well which proves the first point. Two funher situations have to be considered. 
(Opie substrate as enantiomerieally pure (ay the 5-ketone in the left hand 
diagram) and the reducing agent is chiral, cither R and S. With the ft-reagenuhe 
transition state for the formation of the trans isomer (!) may be represented by 
55-fl (chirality R of [he reugent being added tn the topographical descriptors of 
£ r ^ uc ^ and w j l J 1 Ihe 5-rcjigcnl, the transition state may be represented by 
SS S. Thejwojrar^H^ratesj^e dinstent umeric and so the asymmetric induction 
or dinstefeos gtection (rfg) will he diiTcrEnT whaTth^-kenw rrTrlh7 a (, 

reduced with reagents of onnmite chirality/TJT diastcreosclcctnntv in each 
combination of the substrate and reagent {S R or SS) may be con sidrr rri in [r"i»i 
oMwQ_oontribu[ion5: one due to the inheren t diastcre ofa ce sel ectivi ty of th e 
substrate and the other due to the inherent diisiereofacc selectivity of the reagent 
leadingjowha Lis Jin own as double asymmetric induction^ o ■Tdoiibie ._ dmterto- 
(Maaraunc, Heaihcock). The two contributions may operate synergisti-' 
cally for one combination reinforcing the overall dia stereoselectivity or may 


il In loci Dfir rnmhinn nnbr 
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oppose each other reducing ihe diasirrcti^L-lectivity^ An ulrmni similar siluaEian 
aii«s if lhe cjiirtijjiy of the .reagent fs kept fixed (say /?) and the that of the 
Subsinte is varied (S or it), The transition states for the t isomer is now SS-R or 
RR-R (diaslcrcc meric), The same argument holds for the formation of the u 
isomers, the transition slates hemp RS-R and SR-R, fii) In the second situation, the 
Substrate vs racmie (S- *ml H-kctone 1 ) aud ihe ttaterA is opueaMy pvne (say of 
R-diHiWvjYiVn? V ifftiWitti. can \st tortmei itMiMticta 

States SS-R jiikI RR-R which arc not enantiomeric ns in the case of an achiral 
reagent lull diaslercnmcfic and so Lite two crcuitkinicrit: trails isomers; fi-S'and RH) 
wvlt form in unequal amounts.The same is necessarily true for the u isomers (cis), 
i,c., RS and SR will form unequally so that both the trans and cis isomers will 
have enantiomeric excess (four stereoisomers arc now formed all in unequal 
amounts). In such eases, it is □ general rale that the ce value of a diantereomcr is 
inversely proportional to its diastereoseteciivily. ic.. the more abundant isomer 
(here the trans) will have the lower ec excess. 


13 2S Strategy of stereoselective synthesis 

While synthesising an optically active compound with multiple chiral centres (siy, 
a natural product),one usually synthes ises ihe compound in ra cemic form fixing 
the fc|atuic_ configuration at > || the chira l cen tres through d taste reoselcciioti and ' 
then applies the resoluiion. technique. Ii is sometimes preferable 10 start with a 
resolved compound (at in early stage)or better still with an appropriate chiral 
synihnn (chfron approach) or its equivalent reagent [see Warren 1978; l-'uhrhnp 
CnTE I n 1 ^ 33 ^' * h ' ch may be available either from natural sources [I Linesman 
19.3) or by synthesis. IT possible, an tnanliosclctitive reaction may he employed in 
one of Ihe steps to yet Optically pure intermediate. Modern trends m- U» tise the 
cnirori apprnacli nml/ur cnamfosclcclivo rcactioiw. 

DLnslerensek'ClIve reactions are (lisciivred |*-n- midrr rwti lnvulinj*s. ncyt'liu 
(liastcreoseEi-iimn mnl cyclic ilia site reuse lection. IVtllnwrt! hy eiiiiiiliirjlriiivir 
reactions. No rtliiirp Uirtmetton can, however, I* niiiiulanwd Mwmi ilustnm- 
selection and cniinliosclection which very often go side by side, s 

13.3 A cyctic $1 ereoselectio n 

Acyclic molecules are conformational!y more mobile than cyclic and stereo¬ 
selectivity is, therefore, more difficult to alia in Li the former Nevertheless, the first 

Siik'r itif Miiiliiijt ketone bniilLLilly ml hr, llir |l|iKUtirii all nvi lin‘ o|rinntly ihiive 

tA LiiEtl pnntecule is hypothetical tv hn*kon down imo a few smaller frapirtn [stalled svulluini which 
are uiua y renenve niiermediito derivable Troni rtagrnli known us rqimalttti rwogtHCt, I be- puvcsh 
I t fa Ilf a a f/r.iripMillWKWi.la relraiYfiihriiri nud each itep in ii a inmyfiirm which In Irwlitilrd lay it 
Jnulilf-lintaJ Inflow arrow. 1)( lynihnii of cilivIbniRK b dni depicted as follows: 


PhCH 2 CH 3 : 


PhCH a t CH 3 


fSyrlhOrs) 

Tlw equivalent reaffirm for the»amth«ii Are bcnijl chforidr am! meiJivlIElhium irarrelfuely. 
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<W^fj7'° f -fT m !' J riC n in , dU f tl0n * m ™ rtc « <« **«■<*» in .cyclic 
n^.l?Crt™5j 0 ” ^ C ,“ nd Prtl °* S ™ ,e (CI ’"P ,cr *)• Online the Ian decade ond 
" .7 * rtJ,l «naous developments hove h«n mode in acyclic iieieowJection rh e 

' , ™ ,idcd by thei5ob "°" »f* cronpornMcralidc.Jlibtota 
^ '*"? COma,n CM,(l e uous chfra| a macro ring TTic 

J9$2 Hca^a'^o^Tol? 0 " ?“ beert C * lcnsivc, > >™wed (Eifd.and Otsuka 
1M< mS?^ * J 5?: 1 Wl ' Evirt!f * 31 m2 ' E ^ ns W«. Masamiinc ci at 

Cfliuili nsdL'CtJOn arc^ccCflipfiji/icd jifitiflJannHU^'. 

13.3.1 Ajijtfiofi of nIjcfeoplufcs In cnrliniiyl ruirijHiiijiJ.c 

m!«i' ™° f ******* Kpccially CiirKinfnm in I'nrhnnyf nunpotimk is one of the 

c iiissnirt«ii ! ^ , f7 rj, Vw w i%c ^,hnt, a * fmri,r flLhirnr 

ZwJr 1 ; fwUMtlinj. Jr ) pivot n* In MCrco.somcn on addition lo a 

enrhony; compound when ll,r laiterhas iwo mjintioinpic or diaskmofopic faces 

."' f8 ™" «"■“"*»«" - *>««» and c„,..tanJi^SSSSS 

are fo™ST? t ,ar,tJ or * cl>ira ' >“ the latter ease, diastcicomcre 

.re fonwd in diftrcnl amounts with varying decree or stereoselectivity. 

,ha 1 ^r m, "V nd “ ni °"- ,f lhc cl ' ;rl1 «"«' t* the substrate is adjacent to 
CrWs Sn. ruT lhl: stereochemical coinse or nucleophilic addilioi/ follow 

nr riiriu t ?*ff, Cll “f : f r k™ 1 * 0,1 "ther the open-chain model fl) or the cyclic 
nr chelate fnpd) model(IT) (Figure I3J). Stereoselectivity through n 

the nrt ’T*'*!** I ,s 1101 nsonlly hip 1 ] except for a feu' Cases where R is hulkv On 
eircn^of chetmn wheh "“f" *?" * ivt high depending on the 

almost““ l rr™” ■ «! .5 MdS 0980 ,£& 

— x - £££ *™ R p; CHOX ‘ COMe 



r>pi3T 13 J Ctmm'i opra c h t fn iod cyclic models 
chelating Bra „ n taw „ hll|J[y ** * «'-■* 

5 


! 


Scanned by CamScanner 






412 ^ Srervochctnhfry 

rFifure 13.4). The syn compound fCiam product}* is obtained in over 99% yield. 
When ii is oxidised to ihc ketone (TV) imJ the Utter reduced with mrLil hydrides, 
(lie inti dUncrcnmcr, npmiii the Cram product, ixcbufntd lliDpul exclusively. The 
Kime subslnilc lIII) is thus used for the nermsclcclivc synthesis of both syn and 
anti JUslcrcOmers or jJ'JtisIhylhpmoatlyt alcohols: ihc ailyl group is removed by 
Naif ffor syn-nntl nomcndaltre, see Chapter 4), 


tiljSi 0 






nrr) 


M# 5 SE oh 


\yn 


Hnll 


OH 


s ?n 


£1 0 

Ma-i S 1 

}^X n NaSH 4 




OH 


Ha H 


nvi 


onii 


anti 


Figufe 13-4 Diutcrewdcctivc fenutign rf fl-mtl!hylhinni*jllj.l slcohoti 

Two 4jf the subsliuicms at the chiral ccnire may be parts of a ring and in such 
ciscs, if one of the adjacent cndocydic ^iom^is chelating, a highly diastercosckrciivc 
addition to the cxocyclic ketone may occur. This is iltuslrated by two groups of 
workers who have use5 a cfnriiX>mg sy stem as chiral a djuvant laier to be removed 
to yield almost totally enantiomerically pure products, 

Fiiel ft al (1981) have prepared ih* bityriic chiral adjuvant (V) from com^ 
mcfcially available {+}*pn[cgone a fFigure 13.5). The derived lithium derivative h 
ODlamcd entirely in the cquaioml Form (e-Li ai C-2) due to sicreoelcctronic 
fcaion and reacts with an aldehyde with reicntion of configuration again giving 
entirely ihe equatorial diastcreomcr, The corresponding ketone fVl) undergoes 
Clrignard addition to give exclusively the alcohol (VII) according to Cram's chelate 
model fchclaiion occurs between haul Mg and hard O), Cleavage of the oxaihiane 
leads to the o-hydmxyaldchydc(VMl)from which the corresponding*tertiary alcohol, 
glycol, and hydroxy acid may be obtained in 90-99% enantiomeric purity. This is a 
case of double transfer or chirality—the first transfer occurs at C~2 of the chinl 
adiuvunt (during Ikhiaitah) and the second transfer occurs during Grignard addition 
The chiral adjuvant can be reconstituted from the products Ol Cleavage. An elegant 
and highly ciunliostlective f«>9m synthesis of both /?- and 5-mcvnlonolactoJic 
has been achieved by employing this meihod (Frye and Eliel I9B5). 


'the rraLlr# * in verify Ill'll ifw prinIiirU *enn-p,™;! c Ll Crim’i rtmdrl. A puidr line uuy hr 

p*TtYicltt1 lluie If iflcr «UJilii>n h Lite mam thiin rrauiilVi i^nlniiiiiMu d in Imj'lll (as in "hr rrtlucivfi rf 
|V|, Ite rrfJMe mnlipurnmiM cw l lire Crim pr«W a pnii wbmn il Ihe thnln Jmjflli it mrrrjy-iJ 
tjiipmfJ AilJ ii|emi In III), (hr ffl^riir r-inffiMilPifi it %yn, In thr hurr rn r r. Hi* i-lum }i n i |, t k 
nqrnud 
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t. Bi>Li 
i, RCHO 


H 

f^ s ^-CHOHR £03 
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RMgX 


l-^a' 3 


(Vf) 



Ivin 


NC5 

AgNO a ' 


OHC 

fl 1 


V 

IVIII) 



ENCS 3 M*■ chlirsluttinlmi(lt> 


flau» 13.5 Diasirrnpvlrctitt addition in 2 ^l- 1 . 3 -nxnLhiiiiC!i md tndniiovrlnrii\c 
s^fllhnii nf icitbr* atohnli 


A my similar highly eraniiosekctive synthesis of hyd ms y aldehydes slurring 
willi ^-anilinomcihylpyrrolidirie (IX) (Figure 13.6) derived from commercially 
available prolific has been reported by Mukaiyama et nl (1973), The bicycltc 
phenyl ketone (X) on Grignard addition gives almost a single diaiiereomer fas 
shown)* which on acidic hydrolysis yields the cfiantiomcricjlly putt o-hydro- 



Fljturt 13,6 Enjuiirieicrtjve tvAihctii of oMrciviklctiydr from 2 -jnilinoatflby^ 
pyrmlWiK 


•M|fS ftnnjiiuin wiEli Ik- t^pbie. ItnL [In: aroinaiic rn,i,kju'n ,|#nnr the raai<H1 wu!i the kclonc 
(X) wliirti h« 3 ritwn ctmli-jujaimu. IhK eifUilrei Ihe ULivmW In f‘nim\ Hciil 

mudrl. 
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414 Stcreochctnisfry 

xynlifchydes and Lhe amUnomethylpyrrolidinc back, htenylBlyoaa! may be replaced 
by iLikylglyouls in the above series or reactions. 

2, 13*Asymmetric Induction, When the carbonyl group is two bonds away 
froiri the chiral centre, asymmetric induction particularly in reaction with metal 
hydrides i* usually low. Recently, Recta and Jung (19S3) have reported high 
diastcrcoscleclivily (>yOtf) in the addition reaction of chiral 0-atkoxynldchydcs 
using titanium reagents through the chelated six-central chair-like model (Figure 
13.7>. The alkyl gmnp ij transferred from ihe 0-face (from the side opposite to 
mt-thyl at the chiral centre) rather than from the a-fate of the chelated ring (for a 
review of organontamurji reagents, see Heel/. 19K2). 


Me ** 


Ph s 


rr* 

r. 


RTICI, 



M# 


^=40' 


T*h. 


Oil 


> 90 % 
28 , 4 $ 


Figure |J,f I Asymmetric induction 


3. 1,4-Asymmetric induction. Metal hydride reactions with and Grignard 
additions to glyoxylic cslers RCGCOjR" (R* is the chiral moiety of an atcohol) 
illustrale examples of l .4-asymmetric induction whose coiitx has been rationalised 
by Prolog's rule (Chapter ft), Asymmetric induction in thfiM reactions is usually 
low to moderate. However, high asymmetric induction (93%) has been observed 
when (-H-phenylmcmfiyl glyoxylate is used as the substrate. Presumably the 
bulky phenyl group blocks one dtastercoface of the carbonyl group effectively 
<Whilesdl cl al 1932), Prelog’s model may be consulted (Chapter 8), 

A carbonyl group separated by more than three bonds from the chiral centre 
docs not show much stereoselectivity in nucleophilic addition reactions, 

13.3.2 Addition of enable to a carbonyl group : the aldol reaction 

fn aldol reactions*, an enotate derived from a carbonyl compound undergoes 
nucleophilic addition to another carbonyl compound usually an aldehyde, to give a 
/^hydroxy-aldehyde or ketone, known as an aldol. Depending on Ihe symmetry or 
the two reactants, the two centres joined by the new C-C bond may be chiral 
(Figure 13.8a) giving rise to four stereoisomers or two (impairs of diastcreomera. 
The number of diastcreomers increase if either or both of the aldehyde and the 
cnolate contain additional chiral centres. Often high stercocontrol can be achieved 
by choos ing proper reactants and react ion conditions; thus ihe aldol reaction has 
enr^rgfQ as a powerful Tool for stereoselective synthesis of acyclic molecules with 
contiguous chiral centres. 


revtfw.m Midvn ind Houle Jim (|^) 
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1, Achiral aldehydes and achiral enables. An achiral aldehyde and an achiral 
enable each wiih iwq cniniiotopic Taccs can combine in two modes: an unlike 
mode (itf) in which combination lakes place between Si and Re (nr Re nmJ Sf) 
faces Of like icnclanls oihI a like mode {tk) in which combination takes place 
between Re and Re {or Si and Si) faces (Figure 13.8b and 13.8c). The former 
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Figure 13 -S Trnnsition jutp fur aldol fratiooE Zismeratfn-TnixFn model 
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!tet^h l 7"(2 n l ,h n< , 'r, M .. *TTT a '"^ w,lw «>* rf 

S=i«-w. w s n ? 55 

£irS 

R an(r ^^^-~%I dMtswcgcImivEty would depend cn ifo srrrir_ hi.lv Jf 
R ^dn ancr.^ lly very high. This ar^mcnl 

condn.cn, arc Med. (i) Thcaldd which arc gcncally *Jr2£ 2 

o,",f'' li T' C T‘ ,d ‘ W T!,C ' ,an5ilion «* “ 'hair-lita, tts proposed” 

lire carbonyl resemble ■ 

, ^oUsESi L acid cntaJyaia, e .j;,. ftf, are u<cd in which ca, e nf Lir,- 
w h'ich'iMrue TlW C ™ ]jTC must exist in Z-conJif jntion 

^ta^nrtta-s'a'arsts^iT 

jSSMi ss i. r,,* 1 " u ; 5 ■{*• 

A tvmcd ' 1! lhe !*” ™* rly " tii « f t ^Bi'tnu TW b syn tal/lolsvn itcrcosclcctton) 

is * 1 3 7 “ sh °'™ in 'wiMhrfc-ii.™orn^ r r: 

R ' aaiom tmaca ■^ 3 E*£ 

Mobility y d “ an " ,snn «' , f'eusoMsHwionlbcctre ohhtir hi,h„ 


OLi 

PfiCHO + 


OH 


THF 

7Q*C 


Ph 




Rh 


OH 0 

J 


syrt (9 9.7%) 


Q "H f), 3 %) 


nfiiific 1.1.9 jMiLdivadilislr^isrJrriiwi 


2. Olkcrl ;|l{ti L liydfs niul nrliiraJ rmil;i(i<s. ff [fi^ -ridrli wfe- in H i.' , . . 
iVnlu 1 . I n 1 nmiilxT nf <Nini.s^ f j . m afilMivtr. .nnMiiis n I'lmril 

fbr:, c ;;o a .^ r - 

example in Figure UlOj ^STTuTII preuomiMte ns" m the 


'™; »iv;^ f z to c hr *** ,,m ' - * ** *, ^,™ »,., 

mo, ™ r;s s," 1 " * i,h ma ‘' ^« 
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fcuble (symmeinc ind ''"f alkyl and Mroiy rDbnftoem, A 

T* L dwstercofKc selertivijy or an ain ^^wosdeeiivity as will be 5e en ht™ 
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ijf't.unlg fj 4 ^ j 

fh , WCKO ? t! OH d 
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»T"<»jnia7 X j 

j. Achiral ifdchjdcs and cliirsl ^ 

fey- »Sg:s:^»fc-^,gB» 

... " ,l ' i ^ ,in w e n 

™ “ e dHatf wwlcctfvftj. is only modcnic" C MOlJ '' '**»« tt/IW 
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" >90% 


fPJ PhCHO + 



Rgaf* 1411 Diinemtfjcr adcetj »iy of chiral ritofaKs 
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4If{ Stereochemistry 

^ Cliiral tildcbydtsand chiral enotatc-s, The iiercoclicniislryor the addition of 
a chiral etiolate to a chiral aldehyde is much more complex. Several factors operate 
jointly and control the overall stereoselectivity, Eight (±>paira of diastercomers 
arc possible if the chiral components are taken as racemates which arc reduced to 
only two as shown in Figure 13,12 ir the chirality of the two components is fixed 
mul if a contpldcly syn configuration is assumed at C-2 and C-J centres (nhlnl 
diastenwlcctinn). The combined diaslereufocc sclcclivilics of the two component* 
would then determine the absolute configuration at these two centres. This is a 
typical t.v* of double asymmetric itulncliou (double stereosclcctioji). ]f the two 
existing chiral centres work syncrgisliealfy, the stereoselectivity will be enhanced 
and iT they work at cross purposes, the stereoselectivity will be reduced. A study of 
a. few related examples can help to pnedicl which of the two isomers (XII) ond 
(Xlll) should predominate. Thus 1.2-asymmctfic induction in 5-2-cydohrxylpro- 


H[|C^CHO 


OLi 

vsAiLph 

AsiHe, 


OH o 

H||Cg J 


v V T Y^ N f" P1 ' 

0 £IM* 3 


(Xlll 


'Ph 


OH 0 

* 1 isiU« : 

(xmi n% 


JFlciitr M. 1 1 rSiliil 'If ^ywmni ir wimi inn filmiMr ilm irr rrmdrvt* m ) 


pion.ildrliydc (Figure 13.1 Oh) gives a J-rr-Oll cunfij’Lim [ion (as in X11 > pre¬ 
ferentially, Similarly, the reaction of the S-enohic (XI) with benvaldehydc gives a 
2-^-Me configuration (Figure 13.1 lb) again aj in XII, The diastcreoface selectivities 
of the 5-aldehyde and the 5-enolatc (XI) thus cooperate with each other in 
forming the isomer (XII) but neither gets its way in forming the other isomer 
(XNl) which explains the predominant product as XII. In a cross combination, i.c., 
5-aldchydc md f?-eno1ate, the two stereoselectivities work in opposition giving a 
very low diastereosclection fl;1.5). It also follows lhat the stcrcochcmieilly 
cooperative reactants (in Ihis case, Ihe aldehyde tind (he enolale of the same 
chirality, R or 5) would react faster than the stencodicmicairy nor-cooperative 
reactants (component* of opposite chirality) so lhat if Lhc racemic aldehyde (RS) is 
allowed to react with the racemic erplate (/J5), condensation would occur almost 
exclusively between A 1 and R and between 5and 5 components and very little of 
cross combination (between R and 5 or between S and /() would take place. Such 
a situation has actually been observed by Heath cock who initially called it a re** 
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of mutual kinetic resolution. Since however, there is no actual resolution, he Inter 
screed lo rename il* as a ciw of mutual kinetic cnan/iosefection. 

With a Tew dural boron cnolates, Lhc diastcrcofocc selectivity may be so hich 
hit i completely outweighs the moderate asymmetric induction or the dn*e«oface 

V! Ihe - C ! ,l,a l-* l<teh ^ CS Tn ™ ch «**■ by changing lhc chirality of lhc 
boron cnolates, eulier d.asicrcomcr may be obtained in high purity (see Canuihcrs 

13.3J Addition of ally I metal and allyibornn compounds to carbonyl 

^^' an # d compound* odd to a carbonyl group through reactions 

7^1 %** a lW ° condensation* -OM (M - metal) of tbe cnolate bring 

nmlaced by -CM or *CB (B -boronl in which the ml and boron arc Ihe 
potential leoying groups. The reaction is associated with an a Hylic rearm ngemeiiL 

sutt m»y ta dtn C u V* 1 "™ c “ ,lya> ' f- DF >' lhe uiihWm 

aare may be depicted by lhc chair-like structures fC) for the E- and fDl for the 

Z-al[yl compounds willi l lie mein I or bnron coordinated lo carbonyl oiygcn. Here 

oi^r hit m0JCS ?! aM f acks r c f mssiblci0nc between like [Re-Re or Si-Si) and the 
odaer bet ween, trnhke bcnJpMI or Si-Re). For the T-allyls, the two cnaniintJri! 

like approaches through transition state fas C) is favourable because in it R of the 

po -' i,:o " «»»™ i" .sc ,niiT P ;™;L 0 

3 and C-4 as anti (cf. a Idol diastercose lection} For ihe 7-illul« , 

Me OH 



•^’Nr^s 


Onli 


Ma\h oj 
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H 


rlE3, 


* at 
Si-Re 



M* 


CDJ 


flfim* UIJ Mtch-niim for.daw™ of.llyi boron domd. 


tyn 


IlcalhCod; (Chut rjJ Hta^icoct iHRnii i n t j 


HM lOndly 
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420 Srervocfipnti.ttrj' 

^; hac<i “ c ™’ > ' (- ewl!t ^ ^i^lyvd addiilMiK t !0 ihmiiph ncydic tmn^itroti 
' ,u ' nnt s >’ n Bmiw is formed irrespective of (he geometry of the n»vl 
components A fa* example* ordiverse nature die enumerated. 

n N^ labb ™ h "* * JPCHdfmrihvl fl lfvhhor a nc StaE 
■«■• • v " n ™ uii *■*- «■« 






L 


(XIV) 

B« = ge*4 


n pfrr 11*4 Ewitowlmm^lawrftwn,^ j|cflM 
inline hwiuE its ll, fecw^omoSpVand induce^vmm^ m 

; ,xv ' 13151 - “ *i-i 

3 




R CHQ 


i-nop-^ty r 


Fluiirr IIIJ Fmminirieciivr syniheWt nf himiLmttyl alt'i'hok 

l< U]i«lLTCfiwj|i> t |lvB synthesis. (/ cither or bmh of the nldehvrlc and allvl 
|^i.hvr r^iainchfnd cmincs. diwtcwmcm air formed with wiry dcj-aJof 
l ' 11 !' l[v ; ^ 1C ? r ecta l c; 'se of borvtinp the stereoselectivity throui!h double 

fcsS 7 ; is *r h mcn,icni ^ ™ c , J,hV-)-rtn.! 

h 0 ^ r f^” kCvlrta(c fF] F u « U IS) to give injiinly (92%) the antUvn 
pomer (XVJl. Or the other hand, reaction or the ft-aldchydc with the <amc 

K ,|K ,+>z ™" -f - *'^Z To ™” 

I 3 ' ngT>T n “ l T IV '^' h " i50,tilh "“ riht,,,ils '" co '"* rs ' W 

rroio M9MV h.i< arfi.eved dmsrceosclcctivt: synthesis of both dinstcreom™ from a 
«rt F le wfairatc using allylic and allemc organon*la life reagents for reaction %fih 


vjflinpp due m C: art hn h« n <Rk M rtfcnily b, feaic^n r , jf ,| 
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i-\-e 



o?%j 

a "H , iyn 
(XVIJ 


Hpuft- Mil l5, Nl hrr , lr „ . 

pyTvvare (Figure 11 171 n/ * 

fJ3.1t n0 nryIVeBN^ W 6 f*** ra e™»- Pirticul-irJv vrifh M ^ o 

racth° 1CICCt,V11 ^“ C ™ M ™fc 

Thus JjJ dosing ihc rcagcnis rflcluaffy on " *r k ^ ^rtwyrater fXVI/l) 




R0 ^ C \ t Mi 0H 

v -SO . i?h 

v _ J 5 ****, Bn - V C 

HO Me 
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M« OH jt®' 


oflU (XVifJ 
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Mi 


''SfMi, 


B 0 *y^ 

HO Mi 
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*iMXVp;ij 


M * TlfQ-i-P,j 3 
* « OiOMeJj 

r *"’* 11.7 «-«-«*■, c<nMl „, t ^ . l w c ^ llrammc , 
I3J.4 Stcreosefcclivc. rans r armi( | 0M ofC= Cbond 
A C=C bond may he modifrd , n ftTCri i ., . 

^tich modjYirm lions nrc discux^J hdiyw fmm * n|VL ' nrw r hirjif amim, Two 

;:cs::s ?^=ssssw^ tate 

s£E£ 2 ^^ 
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422 Srcreocftemisiry 


adjacent to a chiral centre, addition takes ptace In lhe lew hindered dinstet ectopic 
face with moderate to high dinstercoseleciion. Thus In the hydroboration of the 
terminal double bond in the ester (XIX) (Figure 13d LB), di si amyl bora, tie reacts 
from the side anti to 4-Mc giving 4,6-syn product (XX) predominantly (81*) 
(Evans et at 1982)—n ease of ! .3-asym metre indue [inn. 



IJflKJ 


M* IKKt 

sic ■ Mi^ ciicu— a , n-ijn , iit y. 


ITpiirr 13 JH l>b^r rptrrlrrriivr ihmhfr' fcuynt 

2, Fcrhydrdiylation: formation of a vicinal illof. Several methods of hydroxyla- 
tion of olefins ire available giving 1.2-glycols. Oxidation with cither osmium 
(dioxide (osmylition) oi potassium permanganate furnishes a syn glycol (Chapter 
12 ). Oxidation with pcroxy-acids which goes through an epoxide foxiran) inter¬ 
mediate gives an anti glycol — a result of epoxy ring opening. A third method using 
iodine and a silver sail (Prevost reaction) similarly goes through a cyclic iodonium 
ion followed by neighbouring group participation (route V) to give an an Li gtycol 
(Figure 1319). ff the reaction is carried out in Lhe presence of moisture, the 
intermediate acyl in nt ion (XXI) b directly hydrolysed (route ‘b') and a syn glycol 
results (Woodward's modifies tion 1 . All these reactions are substrate stereoselective 
giving syn or anti glycols depending on lhe geomeuy ol the olefins. Thus in syn- 
hydroxylation with potassium permanganate, maleic add and tumaric acid give 
mesa- and (±)-tartanc add respectively (see p. 375 ). 



Flfiurt I3J9 Pjevcfi reaction ind it* modifictliDn 

Osmium letroxide oxidation and Woodward's modiflealion of the Prevast 
reaction both giving syn glycols arc complementary to each other in lhe sense ihat 
they xluiw apposite diastcrcrwrlciliviiy in live Jln.il product. The Torturr rives the 
sterically less hindered syn flycot whereas the latter fives the sierically more 
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Dynamic Stereochemistry II: Stereoselective Reaction* 423 


“ flIus,r,lfcd b 7 ayn-hydroxylatioii of SJ^dialeienc (Figure 
* .j 7 hc . hng inte ™cd[aie in bolh reactions is formed on the k® hindered 
ft-stde but iincc (he rrqvosl oxidation lakes place through one more cyclic 
[QicimcdiiLie, the stereochemistry is uliimaicly reversed. 



¥l * n * WWl ' lH ' r in “ kl " ,l< " 1 mnd , ‘ n *^*«*««i 

hJ lC “?- ,y ’ al ™ 1 , . ,Hal W“nltntme wh-diviiy in osmium icimkklc nxiitnlion has 
been achieved by usm(> a chiral diamine with Dj symmetry (Tomiolta el nl 1987V 

< XX "> l"l« 1M» to . C, d nlon/,i* N^OC-N chain (in 
. lW j ol , h " c > »«s). The two facts of the heterocyclic rings arc thus 

honrolopic nod cither face is sieieoehemically equivalent with respect to a 
particular cnannotopic face of the reacting olefin. The activated complex may be 
represented hy the structure (XXIII) in which osmium is chelated to the Wo 

=5 m 0mS H nd for the face of fmw-l-phenylpropene is 

eipcsed to ond,Wen. IS-2S-1- Phcnylpropane-1.2-diol is formed in over 99% 

been* farther ” C<SS ' “"' iwds vidna1 ilihydroiylaiion of olefins has 

been further improved recently by Sharpless crour> MQfiftV hu v 

osmvbtion in the presence of N.methyLmholinci-wid^fNMO) and eiural 

r: d C “^'f C! ( “ Ca,a, r ) '.' n,e ™ -h„ 

dismi^ 1 0Tet aurabm ,n comparison to the chelating chiral 


*S_ 

’in’ 


*•* L 

ocxru 


Ml 


(xxmj 

Fpirt 13.21 Emnttofaee selectivity ofthO* oxidation ui 


l* # 2 S 
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424 SteiWKhemi&ry 

13.4 Diastcrco.velection in cyclic systems 

Many nniural produces. e,g., terpenes, steroids, and alkaloids arc cyclic compounds 
wilh multiple chiral ctnlrcs. Their tom! synihesrs, particularly llinv achieved 
during the last lour decades, illustrate I lie various stra levies used in designing 
siercciselcelive reactions in cyclic systems. A few compilations of these syntheses 
arc Available (R.inganathnn cl nl 107(1. ApSimon I *>72, Fleming 10731. A brief 
discussion is, given Item villi reference to some broad rend ion types, 

13.4.1 Nucleophilic addition (o cyclic ketones 

By far the most extensive study has been made on the stcrcochtmisiry of additions 
of nucleophiles, especially hydrides, in cyclohexanones, eye!opentanones, and a 
few bicyclo ketones. Factors responsible for siereosdection in cyclohexanones 
have already been discussed tn Chapter 12, There arc two possibilities: stereo¬ 
selective formation of axial (less stable) alcohols and stereoselective formation of 
equatorial (more stable) alcohols. Considerable success has been had in both 
directions, especially in hydride reductions, which are discussed. 

1. Formation of axial alcohols. The secondary axial alcohols are generally less 
stable and therefore must be formed under kinetic control using bulky reagents 
which prefer to approach Ihc carbonyl group from the less hindered cipmtOTial iidc 
(steric approach coturof). A large number of reagents arc now available which arc 
highly siercose tee live in this respect. The results of reduction of five substituted 
cyclohexanones with just three or such rcapenls tine shown in Tahir 13,1 (see 
Ndjgradi 193? for olher reagents). 

Talrlf li t Slfroiwlrclivc TiirmalEnn (if illlll ikfilinls 


CyclnJiofinoPirv 

(MibMiLUCntO 

LiriuDut.mr 

(XXIV) 

Li (Soml,KIT 
|XXV) 

Lw.Tl-nAlCl* 

(XXVI) 



Wi.5 

nit 

•no 


-l-Me 

900 

9U0 

90,0 


3-Mr 

94.5 

990 

920 


2-Me 

»,3 

99.0 

980 


JJ.S-Me, 

».o 

990 

9fi 0 



Tipunpi indkaie pcrtmiijc ykldt of aitinl iltphciLs iiiwlfi optimum rmJhipfti. h |linwn ttu\ Herd™* 
rnutdiy (1972); 1 K retina nrumhy and Umwn (197(11 J l'lkl and Nadpuri M9fi5) 


The structures of the reagents (XXIV), {XXV). and (XXVI) along with lithium 
B-isopinotamphcy!-9' bonibicyclo{33.1]jionyl hydride* (XXVH), a related irialkyl- 
boranc derivative, are shown in Figure 13,22. The last two eagcnls (XXVI) and 


■For vurioui ttview i Nicies cn borsne derived raftefUs. Kf 1 compiled volume, Seffrtftw from 
Atdrfchmicn A<& f 1934] published by Aldrich Chemical Company. 
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“»d tor boili diiacTradali'v/'^j' »!!f *’V ft r ° rm ■ 11,tl therefore nay be 
for mctfiylcyclohcMnoncj is i£i!? ii hir i^" 1 '«*"«'<"»■ SlcrcosdnrliUy 
become ^ “ «** 

5ST" or .,u, ..«** r™ ^ 


ncxfvi 

L-IXI •'Svfactfld* ® 



i&t*- 


OfXV] 

tKSIomJj BH 


® t"<l‘£al(t (fad* 


ixxvr) 

□’oaici^ 


LI 1 

{XXVIII 

IPC-BQNH 


»««■ »» <u,:eh cu.mlcor c.,,. 


.«2 ,W «««*«*, 


nr 


eciLJKpriar pfcoboh arc ^, f “J 1,oh ' J 7 * I ^"dynamically mote stabli 
licunonca fChnpler J2) Almlitafl reduction of eyefo. 

Ain,) under cc,.,N,hrium cnmlfifon flSfcl « ?rTrt tT? ^ fLl ’ A,Hj - 

cqixaionm alcBlKJlx for all il,c Wine* 5 * . M * lwr nWj exclusively the 

sofwiwf with cihcr mrtcculL has 7w^ ^-1. App^nefy. OAlCfc 

(erM^.o^v,^ rcducilon .J; Clliptcr ] ^ a,nic preferena 

hnaoj^jTfaf^^^s ‘h e ^ ton ' al a!coh °fe from cycles 

nietfiylalumino derivative otbh-(2 WiS , 7!_ h Ab ^ t J llM£n “’ um boride using 

(Nisipun ci a, J9S4, (Figure 13 23b) dicHo ^= 

radial iniennediates and lhe acr-odrenmm, ' '““'i!" 15 bcli evrd 10 go through 
cteroa Iniiatfer (SET, " “** °" to basis of a single 



flew* m) Sierewlecqv* i*dwo„i of cycfoheTincna 
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426 Stereochemistry 
[5,4.2 Catalytic hydrogenation 


[loth heterogeneous nnj homogeneous catalytic hydrogenations arc extensively 
used Tor reduction of C = C bonds often with high stereoselectivity depending on 
ihc nature of catalysts, solvents, and the substitution patient, In general, the 
substrate is adsorbed with its less hindered face toward die catalyst surface and 
addition of hydrogen takes place from that side in a tvs fashion.’ The mechanism is, 
however, much more complex (House 1972>. In some cases, groups like ClbOH. 
CUD. and CO;11 show Impiophilic effect meaning that they remain anchored on 
the catalyst surface sufficiently long to allow hydrogen to add on the same 
molecular race {proximafadal addition) id which they arc attached rather than the 
side opposite to them (dista/ackil addition). Thus in the hydrogenation of the 
telnhydrofluorcne derivatives {XXVIT1) (Figure 13,24) when R, — ObOH. pmaimo- 
facial addition of hydrogen lakes place giving 95% of the cii product (XXIX) but 
when R= CONH; t no haptophilic effect operates and the distofarial addition is 
preferred due to a stcric factor (Thompson and Wong 19S5). 



fxxvritl 


H^.Pd 

McOCh^ci-uoh * 



(XX1X1 


B - CHtOH 
R = CHO 
R = COMH £ 


03% 
93 V. 
10 % 


11 pur I1V24 IfrifHiifiliilic HiMnumlrul in rati lyric liyLlmf.cnhlidn 

Many rhodium-phosphine homogeneous catalysts have been used fur stereo¬ 
selective reduction or cyclic olefins. Thus 3-meihylcyclcheat-2-cn-I'd and 4- 
mclhylcyclohex-3-en-l-ol are reduced in the presence of a rhodium-phosphine- 
boron lei rat fluoride complex to give 9S* of the corresponding fwu-mcthyfcydo- 
hcxanols (Evans and Momscy 19341. 

13.4.3 Alkylation 


The sfcreoclccfronic factor that controls the stereochemistry of alkylation of 
enolatcs derived front cyclohexanones has been discussed tn Chapter 12. In the 
absence of any serious slcric factor, alkylation leads to .axially alkylated pmducl 
through chair-likc transition state and alkylation at a carbon already having a 
substituent is often more stereoselective in this respect. Thus in Woodward's 
synthesis of steroids M951). when the side chain at C-10 in the intermediate 
(XXX) (Figure 13,25, only rings B and C are shown) was introduced by 
cyanocthylation the major product was the unnatural isomer (XXXIa) with methyl 
occupying the equatorial pcsiiicn, In a later synthesis by Vchre et al (I960), the 
alkylation sequence was reversed and mefhylaiion of XXXII gave the natural 
isomer (XXXIIla) with axial methyl preponderantly. 

•“Has uf course jppSL^ Lii heEtrGfjcrtOUS CaE4lj s- sii «n(y. 
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fXJfXJoJ 



rx^xibi 
nil nor 



"W-n, UJ5 51^ m ,^ (1 , iUi)( , |Id|) „cm („ „„„* 

^.a&r ssi ^irx or rs , "* nd if“' k *- »*- 

f,0m k in . durr-JL in.ri! J 5 

symtxial InferariiOD »^;h > . f 'J as effectively fcfackcd a j i 

rXXXVf) which was tran'l'nrfricd intcd h* d ' Va * desired kclo-cxirr 

SrcreoMltcfrvr M.>h n j , .. in,c? ° fh JarftahFrricacrd. 

™« •<*«"" of system is ofsn wd/ known 

^J^fmnliyfcyclohrurimc (Iloi« e a n/n*htr , ?aSf' ,K '" ,, ' K tiws "* <* 




Fr * ,,r * IJJd S,r " crir ^ ill ittybriM flrwdieinnoy 
13^.4 Diq slerpose-rccln e oxJcl a if 0n 

afcohoK reaci fnsr■«*i haT n«nitS*?* ™^ chrnmJc ac ‘^ ' n ttJiich a*hJ 

SjcrcnwIccNvc vicinal dLliydn^kiti^n or eroi j 1s ,Urn dmwcil in Oinpier 13. 
Tor acyclic olefins in Section n A 4 3riC \ 11 IV ,T :i!l< ’' , 1 h ' r ’ a| sn been discussed 

^ C °" nfCtf0rl tW,h ihc ^ 


. j. nnf f'nMhinn JMlhr 
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428 Stereochemistry 

" 'orTclyhd^m TcA ™ ’ ,P) ““T* 1 *" 

fs« Sharplcss and Verhoeven 1979 for^ brilf**- musl ** mentioned 

Cooriiritutcs wiihhoihiheallylJcOHartd/Ru O 01^7 ’ Pf ^ , . ,mabl y. vanadium 
*«** bnnd Dm compic cJv rrom ^ ° W" " '‘a H* 

atkirtfQiil. The compariiivc*jicrtosclociiv!iv ™° 0,1 ^."Hif^i 

(MCPBA) is shown in Figure 13 27 for ) !■* *f^ chloro P Crt>c n7oii; acid 
cne fXXXvri). The faction rr!Pn fn f ^ <fn,I ° n " f 7fl-tydim it hnlcst-5 p 6* 
nl »9731 in which liiecwlSlmnnnn r,V,. If rcncl ‘or (Kimmi.™ ct 

M'tlkic io n cJiiuhlt 1 fiJSdf io dw . . >f ^inotU'lliytenic 

bi'shnnituHylic nice if mb also f.. . ,l,>,,hH,r .v'"' 

bor Km Jcracr extern ^ 1 ,hm,, K h print, m .if a ri a | fl <|.|liM*, 



Fcpuie 13.27 Sicnmdectnc craridatkni cl cyclic ilLyl ikotuil 

spsss 

the th., ft „ curly >™l 8 blc end mo* sable men the pero,,.,™ 

13.4^ Stereoselective formnlion of a double bond 

Jus! ns a double bond can be oxidised Mcrcraclceiivcly tocis- or tmitt-l 2-diok ihe 

55 55 «"iu 

t 

a JIM 

o — 

txxxvrirj 

figure I J^s Sicrectedccfive ranvermoo of B tanH ( M&il foio arntfllcfin 
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13.4.6 of |m|ycnci 

fo*™ « « Concerted cyclivttion f 

wpsSSr=SSS-Si 

(he cytrl nation lo r.™“ „Tlr "T ” 0 "* “ d <* '^ch.in i 
tJtWion. This is musi^.^T h^ ? I m, : cahT d 'ration and prevents JT? 
catalysed cyclisation or the nor ° s synthesis of progesterone bv aeH 

inggeis the cjtlisalion, with Se j g fr0ms fl Carte n'l>m ion ^i c h 

undoing a(ll i ; ,i Dn 5 4 £,'* 1 ™ *«* **. twill, 
configuration is attained in the rr.Mloc fXL “V"’- 1 ' lhc ™rrccl rclahVe 

is convened into fij-progestorone (Xu*" ^ ' lcr a f=w '^'formations. 









cpoiidiscd. The epoxide bn aciV cfttniw" c ^ cha;n “ P^fert-niia 

scls up a guided cone™] cwlittSn *" ^> * 0^El,[^, ■*" *h'<di ih 

or palfcwemiji A (figure f3 30} where flin-T '* g,Ven ™ lhe synthe 

rel3live ™*”*" ^ - single s.ep W^tfovimT *"* ^ * 




3-ll|rriron^n4tlltij # n^in A 


npirf isjn roffl^ri^ioeiNiiihrtpr,^^^^ 
] 3.4 J M i.sclTI^ nco us rcactfo ns 


Many other reactions with vatying degrees of diasierensclcciiviiy are known. 
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Molecular rtMrran£cmcnts, neighbouring group participations, and fragmentation 
reactions which depend on specific con formation a ] requirements have been 
discussed in Chapter 12. Functional tail ion of a distant group in another claw of 
react ions which arc very much Mifalralc wlievtrvc. The Kirirni readimi (riessr 
1969) is one such important reaction in which a hydroxy! giul'p is used lei oxidise 
a siluraled earhnn four bonds tnvay through a nitrile ester (via a free radical 
mrchankm). Proximity of the rcaclinj! groups, as in I ..1-syn.ixi.il miViihlimi, is n 
prerequisite. 


13.5 Ena nt toselec t i ve sy n Ihe$i$ 

The principle of enamiosctcctivc or asymmetric synthesis lias been enunciated, and 
a few highly cnaniiatflcttive reactions have been discussed in the previous 
sections. The following criteria should be generally fulfilled in any good asymmetric 
synthesis (Flic! 1974). ft) The reagents (or chiral auxiliaries) musl be of high 
(preferably 100£) optical purity and be easily available (or recyclable). (n)Thc 
product must be easily separable frnTn the reaction mixture, f/iV) The chirality of 
the reagents should be such that ii would give (he desired enantiomer in excess, (iv) 
The cnjiiiiiiu'kttiviiy must he high tn lutw pratthai applicability, (v) Finally, Ilie 
mechanism of the read ton should be preferably known so Hut I he configuration of 
ihe preponderant enantiomer is predict able. The lopic has been extensively 
discussed in several texts (Morrison and Mosher 1971; Kagan and Fiaud 1975; 
Morrison 19S3-19BS; Nogradi 1987) and in many review articles one of the latest 
being due io ApSimon and Collier (1986). A few examples are given here for 
some lypica! reactions. 

13.5.1 Reduction uilh chiral liydride donors 

A large number of chiral reagents have been developed which reduce racyclic) 
prochiral ketones and o-d cute rated aldehydes by the transfer or hydrogen with 
varying degrees of enantiusrlcction. A sample example is provided by the k metres lly 
controlled Mcerwein-Pon ndorf-Verity reduction of iso hexyl methyl ketone with S- 
2-buLtn.ol (Figure 13.31), According to Whitmore's six-membered planar cyclic 
mechanism, two transition slates (TS-I and TS-2) ate possible and the one (TS-2) 
with the larger groups on the oppose sides or the plane is preferred giving an 
excess of £-2-octanol. Tbe asymmetric induction in ibe reaction ta however, very 
low (Morrison and Mosher 1971). A few analogous reactions with better ennntio- 
sckxlion arc discussed. 

I- Slcrlcnllyhindered Grignanl reagents. Sic r kit Hr hindered Gngnard run pen is 
instead nl undergoing n uden pi ii lie addition transfer a /Ml to a carbonyl fumlion 
and chirality inn be induced in Hie iilmlnih if hyilrn| , i‘ii is Imiisfrm'd front a dural 
ccnlrc. Mosher and Morrison hare prepared a few .such rc.igrnis of wliicJi S-2- 
phcnylbutylnugnesium chloride (i-l'HM^Ch (XI.11) (Figure 13.32) is the most 
c nan tinsel octree. The highest enanliosclcctlnn’ (82£) h.is been reported for the 
reduction of isopropyl phenyl ketone (Tabic 132). Trialkylalumiuium t XI.Ill) and 
dialkyl rinc (XLTV) have also been used for reduction of ketones but the sterco- 
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tJ'l P T rC a "t lhC SymhCS, ' S "-^"^ohliYc, ilie chlml a Jkd groups 
«■"£ Converted into ichiml alkercs, . ' k'uups 

dfcllIoridei * In * modified M-P-V-tvpe of reactions, 

and fr>bon«ylo«3»lufflinfuin dicbloridcs 
fBOAJO,) fXLVT) (Figure 13.33) have been used (0 reduce a Wiv of carbonyl 

^T^r,7“r rang,nE fr ° m modcrj,c W high 130-90*) (Tabic 
R “ :ll0,ls . ta ^ P fa cc at low lempcraiure, m virtually irreversible. and five 
f resu Li particularly w/fh iirafVyJ and ammo tctoncs (see Nuipitri cl a! J984 
for a review). A new acyclic transition stale model has been proposed in ihe place 



IXLV) 



OAlClj 

fXLVt) 



hgmt Chintillosjilvmfiiliim dicWoridB 


Scanned by CamScanner 













432 Stertochsmbiry 

ST 1 in ,hc “ a " d 

coramcreally available. (-VMenthytaiwhfm'* a ' COt ’ o!5 ' '•*■. torncols are 
(XI.VJI) is | C5S rraclive bu ,' m|ut ^ lr[(] y m " “"J ;. Ch '® ridc (Men 0 AI Clj) 
cruaniiotclcciion ( 77 W), fft mctJiyJ phenol ketnne with high 

BBN rXLVIIl) w : ih"|h7Tred Wf4iliCyd ? 3 ‘ 1,I,, ' 0n! ' !,e orr|,c - 

prepared f, om 1.5-cyibooadiene ton- .,17* •"“ mf , AI P l »'^0™"C». cully 
cnsnliorelmivc reducing agent (Mfdfa^ l9ra’ I "rMi ^ "Jf vlITcicm 

“Uylfc^and aromaiicaMtfhycIcs and rt a llrt ■ I9X„) and reduces aliphaiic, 
ob Bi n«l in ,005 s^nKm? ******** 1 

b recyclable. (T,blc 1 “X “-Pinene is elimina led which 




U34 At,4nr-tn>nr id UV.IIIIN ,« aU| .mil 

i;rimid5^cli™dnucr™idcmux' ***■ *? H ( ' hC h ^ d ' t S“ lted form or nico- 
hydridc donor. A fcw ^bn i P 3 ™'« » highly enan,selective 
been prepored eg La and Lb IF' "y, I/, ihhydioniiciinaniidc moieiy hove 
he lone {,, fepre^ceerL^,- '“t™* «*« • ninber of 

enonliosilcclion (70-995) (see Oh no and (JsblL W86 £}£££* "*** 
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Figure 13 J5 NADH models 

^° mpfWCS ‘ 3 lumi niu£ii hydride and sodium 

bcTOh>dndc have b« R modified by replacing one or more fj atoms by oreanie 

of freloncs^M f«n«Jonah'tic5 and used for tranfiosdcctiw reduction 

2^dS« 0 »", ?; ta vS i? Si for 3 «*»>■ ™c ctfnl aw.li.nes include 

yw *y* . bmaphdiyl, N-methylepficdrine. Da non alcohol fa drug) amonjr 
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metric synlhcsi? fscc MnUcson Srebnik anti KamcJnndmn 1987), Two such 
methods, namely, regions of aldehydes wilh nllvlic bonnes anti boron cnolate 
con tier sat tons have already been discussed in the previous sections One of the 
major reaction is hydroboraiion of olefins followed by oxidation io alcohols This 
and a reaction of I-chloromethyHboronic esters are discussed below. 

1 - I Is il robe rat ion with ninnn- and diisopinocampheytlinranes. o-Pinene under¬ 
goes hydroboration with boranc to five eilhpr mniinisopinocamphcylboranc 
(IPCHITj) or diisopinocamphcylboranc (IPCjBH) (Figure 13J7). The former is a 
very good cnannoselective reagent for hydroboration oftrans alkcnes. irisubstitulcd 


H 



{ + ) 


ipcbh 2 


IPC 2 BH 


E'lcurr I.1JT rirrnrnhnn iif nliino- pn[t<li‘irffinfl'rilm|4icy[ Nu-im 1 



svry well With Ilu*W Milwl mIl 1 ^ hilt fmets willi Mliiiiii i lni,':il ci\ nlelni,-, wilti lo|‘li 
enantuMcleciion as i I lust mini in Figure ] 3.3 Kb. 



ee> 9B% 


*ee= 9 Z 7 . 


Hpu rt I3JS fnantiowlceliwc mlurtirin vilh ITCnth and fPCrlSJI 


2. Reaction of 1-eh loronie thy (boron Ic esters, A novel method has been worked 
out by MatiKon and coworkers (Malic son 19R61 for (he formation of two or more 
adjacent chiral centres with absolute stereoecmirol starting from J-chi proa Iky I- 
boronic esters (Figure 13.39), l-Alkyl-fS.S-butnnediylJboronate (L1V) with two 
homotopic facts on treatment with dichloromeihvltiihium gives a complex which 
under the catalysis of zinc chloride rearranges to 1 -chtoronlkylboronate (LV), 
Addition of nn alkyl anion (R r Li or R*MqX) (jives the alkylated product (LV1) 
with inversion or configuration at the side chain carbon. This on oxidative ticbo* 
ronation gives the secondary alcohol (LVII) in high optical purity. The reaction 
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also be used; thus a-kcioadds are t contfere?d r 'w]?h"V A | Ci,M • ,adJUVan, m,1 >' 
ammobcn7yJarmn? and the rcjufram SHirfF hw h^f ^ Ch '™' e *- *' a ~ 

hydro^olysin) to f ; VC acfJs l^.^^atcd [with concomitant 

wlcciion OFar-itb i982) r ■ P c 13.40b) with modc^ie cnaniio 
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completed fhndiinn CAlnlvNK fttiliihl.' ■ 

cillifr with a diiml r h^„ h ^ t „ or . ‘ " " rrai " ir luvc f*vu P i^,„,| 

fsn* Nfijtmdi 19*7) Three such 7 W,, ‘ 1,, \ in * np ^™ r au *'N*nra 

£™ rj - Y’ ci,,raphos t*W, ^ 1: * j ***» 

These catalysis are snennii*, , " U-iAo)alf having a C, axis, 

(btiuojj) enamincf. T> us N-iccvAi mfn cna "' iose !' cti »c rcduclbn ol N acclyl 
75, and 9JS « “* * re,i "“ J *«> """ 1. 56. 

IranjMion™,"! complies ta ««,,!, to^SJS5J?f^g ta, » Wive 
ElTicicnt chifa! cataJysLi such is BlNAP-hjMipjT p nrf'in , 1 

™ chiralil 7 “6 C, WMuy have ten 



Figure JJ.4I Eniniiosrltttivc ionmgenpoijs c^ufyiti 

Addition of a silicon hydride {hydrosilylation) to a C=C, C=0 and C=N 
bond rs also done catalyiinlly (see Bosnieh and Fryarek 19$IJ. 

j3.5.4 Enantioukclivc synthesis via liydrazones 


liyilra.ones cTcriv^l from chin) hydra/inr* have hm. iwwl f (W niiuirfmdiclrvc 
synthesis a i least in [u-odirferem ways. 

1. Dinitcrcnscleclive hydrogenation of r yeiie hydnjHirw*. r.in'Y rt nl f f<J7m 
hnw xvriilk^ed n numher or ^nniiiin iidd* in Wi-WJ. iv rtmiiijdi ifijnlcreiilDn: 
selective hydro^cn:i in in nr dural cyclic hydra/ones. c.p.. f.Xll prepared from N- 
nriinn-2-n-hydroxyeihylindoline fl.Xi) (J ipiii'c J.1.42). Hydrogenation fwilh 
aluminum anolpn/n) lakes plnct' Tmin ihe ,sult opposite in mcriliyl (ifi^ofEiciJil 
addiiionj and Ihe product on hytlrqgtfmjjysis affords ^amino acids.’The indoline 
derivative eliminated in ihe final step is recycled as shown. Doth enantiomers of 
the indolinc-aminc have been prepared. 

2. Alkylation of chiral hydratones, J-'J-AminO’Z'roethoxymcihylpyrrolidjne 
(LXIH). known as SAMP and its enantiomer known a$ RAMP* prepared from 
S- and fl-proJincs respectively have teen used as chiral auxiliaries in n very efficient 
enaniiosclcciive alkylation of ketones and aldehydes (figure 13.43) (EndcrS f9P4). 
Tin* derived hydra/one fLXiV) from 3-pcntanonc on treatment wiih iiihium 
dnjvcipropylamide f[£>A) gives a complex (LXV) in which lithium is coordinated to 
both the carbanfojipc centre and ihe mctlioxy) group. As a result, the alkylating 
reagent approaches from the proximo facia I side (with respect in CJbOMe) and 
fivea almost exclusively LX Vi. Treatment with methyl iodide and hydrolysis of Ihe 
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vtttaiiic method for cnanliosdective synthesis of snbstilulcd aliphatic acid* through 
alkylation of chiral oxazolinw which serve as a mashed carboxylic group. The 
oxazolinc, f.g. n LXV1J (Figure 13,44) (prepared from commercially available 15". 
2S-I -phenyl-2'amino-1 ,3-propanediol) on lithiation forms ihe complex (LXVrfl) 
wiili til hi urn held below the plane of ihe ring by the mcijinxyl group. Alkylation 
Hikes ]i1 ncc from the side of lithium (proxiniofnci.il addition) piling the alkylated 
pruikict (J,XIX) which on hydrolysis ti ITnrds A-acid in 72-1127 re. Tin's is also n 
second generation enanlioselectiw reaction although ihe Ph group at C-5 may 
have exerted sonic Meric effect as well. The oiigmal phenylaniinopropanediol is 
recovered for recydatioa The 2-meihyl-dcrivativc (LXX) is also used as the 
starting material in which case the reaction sequence is extended by one more 
alkylation step. Ry reversing the alkylation order, both enantiomers of the 2.2- 
disubsiiiuted acetic acids (rt and Me inierchanpcnbfe) miv be obtained. 

In a modified approach, the oxazolinc (LXX) is convened into ihe 2-vin>l 
derivative fLXXT) which undergoes Michael addition to give the 0-alJcylaied 
product ([.XXII}* again with very high diaacucsdeclioii, which on hydrolysis 
affords 3,3-disubstiluted propionic acids in 92-98S ee (see Luiomski and Meyers 
1984 for a review). 
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ctherc, COUnORUkn salts, and pbosphonium com pounds should, in principle, rive 
rtw lo rnnniinsclcclinn. However, in general ihc cnanliosclccriviiy is poor. Recently, 
Uolfmp c[ al (1984)+ have carried old a very efficient cn ant Jos elective alkylation or 
& 2‘phcnylmdanone fLXXVIl) catalysed by benzyl cinchoninium cation (Figure 
13.46), ft « assumed that the quinuclidme ring lie* bebiml (he plane or the 
moan one cnoTnic permuting it -interaction between ihc benzyl group of (he catalyst 
and llic 2-phenyl group and ai the same lime 9-OH provides a directive handle 
through H-borcting so that the back side approach of ihe alkylating ftmiU (MeCl) 
a cncctivdy prohibited and SH+J^meihylindanone is formed. 



< -p h 


.. = 9 8* 

Fl^inv 13,44 EMniiwIcctivc a! It via if on whb clirrtl phaw iniulrr caijilyn 

“* liilmnmteciiIiLrnldoIcnndutsnlinri. Irilramrilrctihraldd cundcnkntinn.i under 
ibe anatysis of n chiral baT sometimes ptcwml with hirli ctiaminselrniviiy, \n 
csampJe in found in i’-prohne catalysed eydisatinn id the cyclopcnlan-l ,3-dione 
(LXXVni) io The bicyclic ketone fLXXJX) in 93% tc fHajos and Parrish 1974) 
(Figure 13.47), The two carbonyl groups in Ihe Cyclopcnbre ring are emniioiopic 
and arc distinguished by the chiral catalyst. 

pro~S 



Figure 13.47 Ena mimicdive intrarmilccutii aldal mciinn 

3- Michael addition. Michael additions in the presence of chiral amines (as 
dialysis) show various degrees of enantioseleclivity. Mukaiyama and Iwasawa 
f 1981) hive achieved good cnantioselection by using a chiral base as an adjuvant. 
Thus a.0-unsatura[ed amides (LXXX) derived from ephedrinc (Figure 13.4S) on 
Grignjud addition and subsequent hydrolysis afford 3,3-disubstituicd propionic 
acids fLXXXI) in 79-99% enantiomeric ckccss. 


’Thifjymhpij mi pinnetitil b» (Vynherj (Inn review, ir Wynhe»p I9B6), 
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13,6 Summary 


1 , Stereoselectivity his been classified under two broad categories : substrate 
stereoselectivity and product stereoselectivity eacb being farther subdivided into 
ena n tinseled ivity a nil diastcreoseltd ivity. 

2* Diaslcrcoselcctiort and enaniiosdceiinn in kineticilly controlled reactions ran 
only be achieved through diasterromcric transition states differing in free energies. 
For enaniioselective reactions, where the products are mirror images of each other, 
ibis condition is attained by using chiral reagents, chiral auxiliaries, or even dural 
environments, 

3. Acyclic stertoselcction. in which great progress has been made during the last 
two decades, has been discussed for various reactions such as nucleophilic addition 
to carbonyl compounds, aldol condensation, and reactions of aMylmcia! and 
allylboron compounds, Stereoselectivity has been niianatiscd with the help of 
nppropiiale models wherever possible. The principle of double sicreowleciion or 
double asymmetric induction in which an otherwise moderate sleicose lection is 
boosted by a matched asymmetric induction by an adjoining chiral centre or 

Centres has been illustrated with examples. _ . 

d. Dill *ie scowl set inn in cyclic compound!; is discussed mainly mi the basis nr 
axial and equatorial disposition of a substituent and lias been illustrated by 
reactions such as nucleophilic addition to cyclohexanones, csiinlylie h yd mpe nation, 
hydmboiatkin, idkyEmiivn. oxidation. and uyvlfcilioll of polyrm-v 

5 EnantioseleCtivc reactions me likewise re viewed under kiihu^ rrariinn typi-s 
such as reduction with Chiral hydride donors. Iiydriihtifalktu. Iwtefopeneous and 
homogeneous catalytic hydrogenation, alkylation of chiral hydra rones and oxa/o- 
lincs, Sharpies cpoxidaiioti, and miscellaneous reactions. 
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Chapter 14 


Dynamic Stereochemistry m : Fcricyclic Reactions 

a 

14.1 In I rod ucl ion 

ITw stereochemistry of reactions so far discuss I K bit-iyl nn selective Ir.nuforriiiitfo.i 


or sirr^’h.u-roiopig faces ami l^nuLi daNlin K tt»l m | inlr si molecular *y.mucky. hi 
flddmon, there is a group of reactions known as pcricydii: mufti ms [he slcrco- 


uMltiin, there is a group of reactions known as pcricydii: reactions [he slcrco- 

°i Which Je L pcnds on lhc aymmrtry of the inicractinG molecular orbitals 
twtu 5] arto not on the CrtttaU EvmmetlW of ihp idoWm Tfe*— _ 


tMO si *nd not on the CrttmU symmetry of the md«u’,u. These Tcachom are 
conceded, t.o not follow any ionic or radical pathway, remain unaffected by polai 
solvents, radical initiators for inhibitors) and catalysts,* and take place thermally or 
photochcrtiically. They are further characterised by the facts that at least one 
component or the reactants and the products is unsaiurated and the changes in 
bonding take place through reorganisation of electrons (pairwise) within a closed 
loop of imemcung orbitals thence the name pericydic). The Dicls-Aldcr reaction, 
c.g^ condensation of butadiene and a substituted ethene (Figure 14,]) provides a 
classic example in which ihe 4 rr-clectrons of butadiene and the 2 ir-electrons of 
ethene reorganise ihrough a set of interacting MO‘s to the 4 n nnd 7 0 f 




Korfmann Tules* based on the principle of conservation of orbital 


a concerted proem ff daring the transformation, the symmetry of the concerned 


may be briefly slated as follows: In the pcricydic reactions, a set of MO's of Ihe 


■li»i TflHWii Jff untK j. kU^u1>v,| ElirlvAIJfr irteliim^ 
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•’"' l U "' S «“ h “ ta »™ 

or more orhilnlx one of pC h T,2Z*> „« 

no anlibonding interaction »,uj .hr ” m '* y *?*?** K '? !»Sti due to 

wfll be non-concencd). White considerire rh** s ^ mnlclr ^ or ^dden (if it occurc it 

di«ht penurtaiio, b'y \ S nb s ,i,"„T?c n Mel ITT* ■ “V*™' MO* He 
symmetry is generally i 8nored „„„ ,'v,' ’ h ,J 1 m J y interfere with molecular 
same. All pericydie icactiom m™ ho C of the reaction remains ibe 

retrogressions (see later) althoughfcr tKStelrl Cycl “ ddi[JOn *«*«“* or their 
into several categories : elccirocvcTir curl o convenience, they are subdivided 
Jiroup transfer reactions. ^ ^ oaddition, sigma tropic. chcletropic, and 

under fc^ctiSliJ ™mlkd ^ndliionj 5 3^ th^r 
synthetic chemistry. For the same «.«*■ rC hcn?foni of s P ca ^ ; interest in 
reactions give opposite stercochemrsirv Thfee'd^' lhCiml and Photochemical 
degrees of sophistication have been m L. ^ ^tcni approaches with different 

costing orbiub f n ^b t ioo t ° n, ° e * Pl * T " the resuIts : ?> ^thod of 
throughout the reactions (WoodwardHolTm^^^ afe P rcscrv «l 

tuy and antiaromaticiiy of the transition s iar e I " J . 5 melh(xJ ba ^d on aromati- 
(ZimmermaQ and Dewar). and (Hi) the rraniiL*™?*? HUc,lcrs UO lheor y 
S whfcb only ^ interaction ^,vL C n 7h? h- ^ method 

TflOMO) and the lowest unoccupied idoIeci / ghcsl molecular orbital 

(Wood ward-Hoffman n. °^ MO > h «-M«d 

capable of explaining the stercoehemistrv of U . 3pprMch a 1h * simplest and is 
adopted i„ the present let ?2 S^Sf 3 ^ 1[ fs 

topic, the reader is rcf« rw3 to van ^ ^ For 1 dc ^cd discussion of (he 

Woodward and Jtorrmann J970 Gjll ami and Rlch 3«lwn I9B7, 

Cilchaciuud Siorr 1979 MureW.„d Ubr imfStaSm? 19,i 

lhclr “crenel,cm, Q | f„, ure , tT' I* ^ “"»'■* « 

approach, the imponnnce of the fronti'rAlty, .^ h 0n] Y b7 th,; p MO 
molecules fur apprnpriate segment thereof riclly explained. When iwo 

PJ-ns of filled MO’s which are dLeTn^ fin 4 «*»>■ 
^OSd one bonding and the other antibondinp y _I^ lefact lo F lve of hybrid 
orbital is always slightly less than iSp - f ener ^ F^inod by a bonding 

2 ?-w f it ttZZZxrJ*** an,ibond ^«*»i 2 

hybnd MO-iJuud ibe cumulative effcci conS,« “ "* “ ° aupy ,hc tm 
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44 K Stereochemistry 

in appreciable client.* A Lhird factor,, namely, cou lorn hie interaction, has also to 
be considered when dealing with charged reacting species. The three effects 
combi redly account far the activation energy of a reaction. In order to have 
appreciable interaction of the HOMO’S and LUMO's which is the major considera¬ 
tion in peri cyclic reactions, they must be of comparable energies and above all 
must belong to the same symmetry type. 

14.2 Dcctrocydic reactions 


An etectrocyclic reaction is one in which ihc two termini of a conjupitcil polyene 
shown by the double-lined semicircle* (Eogure L1.li) (k InUieales the ntunhei .if 
trigonal carbon atoms end also the number of ir-elcctrons) are joined through a 
single bond, the net change being the Cmtversiim nf n jt- 1 h>ihI into a n-hond nr the 
reverse, i.c., the convention of a n-limul into a ir-fomd with toiu-mmcmi «nn- 
opening. Actual examples are given in the intermnversion »f 1.3-btHadicnc and 
Cydobulcnc and of 1,3,3-hcxalricnc and cydohcxadiene (Figure 14,2b). 



Figure 14.2 Elceuoeyelic ractiwie Ijr-sysemind tir-syncm 


142,1 Frontier molecular orbital (FMO) approach 

In elect rocydic reactions, only one reactsm, i.e_, a polyene or in the reverse 
reaction, a cycloalkane is involved and in the frontier orbital approach, only the 
HOMO of the polyene need be considered. For convenience, each x-MO of a 
polyene is shown as a combination of localised p orbitals (sometimes, the signs of 
the lower lobes are not shown) with the understanding that adjacent lobes of the 
same sign (phase) overlap and adjacent lobes or opposite signs produce a node in 
the resulting MO. The four tt-MO's or butadiene thus appear as in the diagram 
(FiEurc 14.3a) and arc designated i^i to tjn. Based on the free electron model 
(FEM), a simplified mechanical device has been worked out to enable one to get 
the number and position of the nodes in the MO's of higher polyenes in the 


■ nm a jImj true nr.urtmic orhitah and eaifer lo pnip: [hiM H + It - t|; hu[ lie t Ik^uo rwoum. 
tta Ihev iwiionv (tie polynwi ire drpicteJ in all-Kt* conformation * »tII i* (atirn ir pliable) 
Crtftmfi|unlHW, Fnl imill pnl^tl II lean Ihne ronfiirmirkm HnlcNir;nrtiinp »rr iri|»inl for 

rji litftstm. 




i 

i * 


Scanned by CamScanner 













ujmamw Stereochemistry III: Pericolic Reactions 449 
joined by sing" bm* of llnTwIighT “ p h " s ' nl ' ; ' J by doIS 

"T*° f ««« S , S3? SJSE L-JS 
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ft 


OntibsftdJng 
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ft 

{_e 
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bonding 




(a> 


Flpirt NJ MBlftnlinorfcJtiUoTJ^btfluJjtrtf 


(b| 


£ — - -bee of 

wave refers to the sign of the upper JoteoM hfmm ^ ¥* ,,1Stdc *** ^ lf 

diagram thus corresponds to the p 0,hi,i " s: ,he lef ' 1, ” nJ 

»nd (S: so ilui SH0M0 e |,T s ^ mn, ^ lHl ™ thc lw0 bonding MO'S. <!>■ 
ffdobes or (he same ,h "' "" 

a consolatory motion (rotation of 90" of two SSL'J 0 ^ * P° ssib ' f Dnl y by 
either clockwise (as shown in Figure 14 4) or annuls*'? fc ““ dirccl 'on) 
tn the HOMO (rotation efthe tends in oZi,' !, ' 5 '' , A "“"on 

leads to an innbonding interaction (n’t r n P {?! ' lh e other bond, 

re-electron system, therefore or.rv ~ n dermal eiectrocychc reactions of a 4 

C ' «"«>b,tory motion is allowed and 'he s , erro ! 


O 

f\ 



Ccnrotarory 
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^50 Stereochemistry 

chemistry follows accordingly. Od photnexcitation of butadiene, one of (he rr- 

l!J5? ,S lr:,nsferre,j |° ^ 1 wh]ch llju * becomes the HOMO. An inspection ol 
the MO shows that a disrotatory motion leads to an overlap of sp' orbitals of ihe 
same phase and a different stereochemistry follows. 

Ftectrocyclie reactions, particularly the ring opening of nnsaiuratedcjcloalkcnes 
in polyenes, c.g.. cydobutenc to htiliulienc (the reverse of the above fraction) may 
be regarded as cveloaddiiions in which a o bond and n it bond for a conjugated 
system) constitute the two components in the addition reactions. .Some notations 
which arc used In cydcmldilion renciions may he defined here to indicate the 
mode or additions. If a component undergoes addition (forms bonds) on the same 
face, it is called a supra/aciai component while if a component undergoes addition 
on opposite faces, it is called an an tarafacial component, The two modes of 
additions are known as suprifacial and antarafacial respectively. Following this 
definition, conroiaiion involves an untarafacial and distortion a suprafacial 
interaction beiwten the two termini or the reacting species in elect rocydic reactions. 
In the thermal oonrotatory ring opening of cyclobutcne (Figure (4.4). the a* 
HOMO of the a component internets with the --LUMO of the ir^omponem with 
in-phasc overlap, the former behaving as n su pm facial component and the latter as 
an antantfacial one (Sec the dotted lines). The reaction is designated [flU, + _2,] (s 
and a stand for supra’ and antarafaci.il respectively), Alternatively, the same 
reaction may b« considered in terms of interaction helween the rr-LUMO, ie.. o* 
and the ir-HOMO. f t, ir and Urn* designated f f ,2. I ^Zf. Similarly, Mu’ dwnttinry 
photochemical rirj: opening of cydobtitene (right hand diagram) m which (he 
a-HOMO and the r*LUMO* both internet supra facia lly is designated [^2, + w 2]. 
Alternatively, if the interaction between the rt-I.UMO and the ir-HOMO is 
considered J it may he designated f„2. + ^2*], 

The treatment is extended to 1.3,5-hejratrienc^ydohcjradienie in term aversion 
Shown in Figure !4_fl (k = 6). The HOMO of rfie trirne is represented hv 
which on d is rotation leads m nn in-plinv nn.Thp and iliirnliildiy ring iliMirc- is 
llieminlly allowed. In the rever*- riiip* openinr. llu- m- 1I()MO liiterml* tvilli iIie- 
LUMO (^0 nf the hlllftdiene mill both with siipiafacial muli* and live million 



Figure It.! Jilectrocyclic cMtmkin pf he nitric lie into {jTlnhaiiiicK and vice mu 


^ If a winrnj camponrnt ccnUifni ■ dairy occupied niolefiihr orbital fSOMO). it may an b«b tt u. 
HOMO mi i LLlMO since il is electron doeuripp n wll n cleoron. aocepfa'nj. In a- ir" cieiiiitm. 
both * and -r* ate SDMO, l.(, SOM0-1 and SOHb-i ami frlrum interaoiflni rijv ecrur 
bciutm ff-IIOMO inJ SOMO-1 sml between o-l-UM0 and SOMO-2 
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ln«ne and a cnnrouiion Icaib'in'an fn^h ' comspo ' ,ds l» (lie HOMO of (he 
raa«h ^ !T F ° nrni ' ,p) in "*■ (' ff-clin?™ 7^'' ma ” pl,0,nchc ”IMl rin f 

**" a,t cMrai " ,o,y 

“W* .„ 0115 involving ihc ITist czciVd slaie, (he ralaiionsFiips 

PlCS "* slc ~fcT confluences fo„ ow . 

J 4.2.2 Sicrcochcmwlry 

^ASSWias sza: 

3SSSs,saSSSS.ttfeS 

!► J fiur-mcnilji'rcff r ; Ml ,.. , ... . p * n 

Cjfdohulcna ii (hcrmifJi- f ' "* ihc rloclriH'Vtlir r ; 

- - « 

• .xl_ ^ w 


b. 



< vi 

mu 

FTtari: 14.6 Stntnhmi;«e^dmcvriir ^ 

* "r*aa*te rfettnscyzbftufto" lt> buiBdlcne( 
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452 Stereochemistry 

^ either of two possible conrotatorv motions gives Z.E- 
],4-dim«h>'JhuTiid«Te while the photochemical ring opening gives the EE isomer 
on y ibrough n single disrotntory motion in which the substituents (Me) move 

m, m ° VC ^ nl ,nCU “ C3tCeS,VC fcEfoS 

h . ,. TCot J utCnc { ffl or * Ihermal ring opening gives only E.E- and no: Z Z- 

2ltlT t " fln( ! b rc * eah ' s W "owever, Hie opiwud (or inward) 

eTeirw i * S 5?“ U “' 15 not c ' jn,ro11 ^ 1 ** foclor alone but also by its 

elccirontgaiivi y, Thus a T-donor subanucni such 15 F shows a high preference for 

outward rotation (Dolhier cl al im) as illust*tcd by the ring opting of 

nuonnated cydobuicnc (m) in which IV is formed in preference to V fc^mplc c) 

.. b.vmembered rings. In hcMiriencs-cyclohexadienes mtercon vision fk-6), 

™nW*ST^ are ?™y^ ry and photochrroically conrataiory. The 

UTl ° f / Z£W > «J.ZZ«vn» isomers of l.6-diW lh yl 

horatnene are shown m Figure 14.7 (a and h).* Points to be noted are: ft) 

~=^ _s= 

° ^ \ / 0(> 

Mich'S*, 

(vn 

hi 


M« H 
fro fts 


on 


'Mi 



I'lirurc 14.7 ^cimhaminiY of rittinxycflt JtKimc hnark-ne.H id E^dobeutlinei 

foltoSJJ'n?! lhemal "? ° r ,he cis isom « ° r 5.6-d i met h y leydoh cm d Jciic 

£™ ly one p f [hway ™ th 1x5111 lh * “Iky! groups moving outwards and 
forming two terminal unm double bonds (same as in c^fobutcnes). (*) Dilatory 

nng closure of any polyene brings the two outer and the two inner substituents at 
the Wnmni daw to each other, i.e., to (he some side feis) of the newly formed a 
bond. Con rotatory rmg Closure docs the opposite, (iff) The polyene must ho so 
distroed as to briny tire two termini (see X in Figure M S) within reacting distance 
which precludes any trans double bond in si polyene except at the terminal 
potfllmjtt. 

When die two .substituents of the cydohexa diene form parts of a ring as in the 
bicydic compound (Vlll) (Figure 14.8). point (,) is no longer valid and the 
thermal ring opening takes place by the alternative path of disroiation. with both 
substituents moving inwards, giving in alT-crs cyclralkatrienc (IX), This is because 
there is no longer any stcric repulsion and two trans double bonds cannot be 
accommodated in rings unle ss they art large. This is well documented in the 

* Cyclnhcn ' rnrb Jr? ilwmwvlfaimicallir quite stable* 
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n K un 14 J ElcrtnocTTlff rtieiicn? bic^d* cyclohc sidieno lo octal rUtricsti 

interconversioji of norcamdirne (VJIt, n — I ) and crdohcpEKricnf fix. n = 1) 
(Maier 1967) (the equilibrium favours the cytlehepiairiene). For n>J, inter- 
coji version among VIII and other compounds, e g , X and XI is possible. The 
e hernia] and phoiochemical Iransform.itEons in the vitamin D scries, c,g.,. XII 
(Figure 14.9) (Hayings el al j960) flintier illustrate ihe stereochemistry of these 
elect racy cite reactions. 

J 



■Hpar* I4J Inlrfronvfflioq ofCsfr* he xj ErfcJltl Frtio vrEimin D 

Fight-mem bered and higher evtn-membened rings may be treated in a similar 
fashion and arc not included here. 

3, Three- and other odd-mem he red rings. Evcn-membered rings undergom* 
emrocycltc nng opening are neutral closed-shell moreen I es white the odd- 
numbered nngs by necessity must be cations, anions, or radicals. A cydopmpyl 
cation opens up (o an aJIylic cation, a 2 ir-elcdrcn system fk“4n42 n = 0) 
through a thermal disrntaiory mode and a tydnpmpyl anion in an nllylic anion 
t rr-rleelrnn sy.srcui) thriKigli a thermal uinmMimy mink-. Uirvti priiuf fur ilicse 
modes of ring opening may le available from NMIt .%iutJy or the nllylic cations 
onned from 2,3-dimcihyM<hbirocydoprop.ines at low lemperalures in strongly 
acidic medium. Indirect proof is obtained from ihe relative rates of solvolysis of the 
two isomenc losybtes (XHl> and (XIV) (Figure I4.JQ). It is argued that the 
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Hewn RIO Ditrruiftrj n H trf cycktfmjiy] uliora 


formation of cyclopropyl cation and its opening lo ally! cation are concent and 
, the disroiatory rupture of the a bond must Like place in such a wav (hat it 
lands Jin tinch.mme assistance lo C-OTs hunt! hy „ |>n t Lside attack This 

requires an outward rotation of the methyl groups in XIII which is easy and an 
inward rotation of the nrcihyl groups in XIV which is difficult for stcric reason. 
The rclauve acctdysis rates of XJII and XIV ire 4500 and 1 ai IStPC, 

w *°\ ^ ° f 0EhCT ^otld-membered ring systems, ihe reader is referred to 

Woodward and Hoffmann (| 970), Gills and Willis ( 1974), 


14.3 Cyclesdditian react Taos 


(IT l T T CU0 ^ ,crmmf 0f ,wo for combine to 

? bcnd * “ nd ™ «W*on*1 ring, The reverse process is known as cycto- 
reve^on or rctrcxydwddinon (sen the Diels-Alder reaction. Figure )4.|), If the 

cvdfSrfVrt 17 C aa iSI? r' n ? e tW0 » ra and n respectively, the 

yc 11 n is called fm + n] addition. A complete nomenclature such is 

iv- 1 ™ 11 , ind,caic [llc n-iurt! of the participating electrons" and (he 
wh^ih« r .h ^ 5Uprt ’ ° f 4marariic, ' al > w **h componem. Depending on 
addiiion ComDotKnxs bclon ® to dIfr *™‘ molecules or ihe sam ™the cyclo* 

Cycloaddition reactions constitute an 

r " n ‘" e ™ a,0M 4K «— for “*of 


Tu rs»™ ' lri '""" " r j"r ... .... ..... 

*«l a.Unaiw anna(a „„ r | t mminrn, .lor* o*iial uun-m-. I 

c PclTdnA md the ortstiri: ±% w ojhiLiSH Weed * Jna aiid* ilpfTmahii 19701 , - 
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]4.3. t Fronllcr mofcciiEur orbital (FMO) approach 

Although the Woodward-Hoffmann treatment baaed on the conservation of orbital 
symmetry offers an instructive explanation for cydoaddition reactions, the fiomicr 
molecular orbital fFMO) approach based on HOMO-LUMO interaction provides 
a useful and simple mnemonic device predicting lire same results and covering all 
aspects of cvcloaddiiioii reactions. 

The cycloaddition of butadiene and a substituted ethylene is a typical example 
of the Diels*Alder reaction fFigure [4.1). The HOMO of butadiene (* 3 ) and the 
LUMO of ethylene (it*) ns also the LUMO or butadiene fi>i) and the HOMO of 
ethylene (it) arc *hnwn in Figure I4.M fn nnd b respectively) with their planet 



E* 4 S t T^s] 

nplre If. 11 IIOMO-LUMO litlenctta in [*l + 2 | ntfaidditim 


parallel. It is at once dear that in both combinations, there »rt bonding interactions 
at the termini. Moreover, the pains of JIOMO-LUMO belong to (fie same 
symmetry classification (both antisymmetric. A, in the former and both symmetric, 
S t in the latter) with respect loro plane which is also the only symmetry dement 
of the butadiene-ethylene combination (also, 0; and it* are symmetry correlated 
with respect to a Cj axis while ifn and it are so with respect to a a plane). The 
frr^ + ir2t] addition is thus thermally or symmetry allowed. The supra facial (or 
an la ftt facial) interactions are shown by dotted lines. Since suprafacial-suprafacial 
fa. 5 ) and a ntara facial-a ntara facial (a,a) combinations give Ihe same prediction, 
fir4«4' ^-1] addition is also thermally allowed and proceeds simultaneously 
although less effectively. In a photochemical reaction, the reverse is true, i.e,, 
+ n-2*J or fr4«+ n-2.] addition takes place (combination of HOMO-LUMO 
is either SOMQ-2 of ethylene and to of butadiene or to of butadiene and SOMO- 
1 of ethylene t). To summarise, in a 6 ir-elcctron system (m + n = 6),f jr 4,-|- ^2,] 
and far*, + ff2*] arc thermally allowed and [„.4, + *2.] and [^4, + ^Z] are phoio- 
chemically allowed. 

Similar treatment of ihe cyclooddition or two butadiene moltrules - an g w- 
eleciron fm + n = 8) system (Figure 14.12) shciws that + ^4,] addition (see 
the dotted lines in a) is thermally allowed while [^4. + j- 4J is photochemically 
allowed (also concomitantly, a [4+ 2] cycloaddition may take place). A [6+ 2] 
addition behave* in the same fa'hinn hut it is aci'omfvinied by a more facile 


t I-nr HOMOI llhl SOMO-2. wf fi n'Mi >(r do p- 


MOUaMMRh 
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m + 27 f ad ( dilion Tlic cytlonddirfen of heia I rime and butadiene (m = fi n - 4\ , 

* m "” ,r i0 “« - ■» n iM«S! 



<T 





HOMO 

Ti 

LUMO 


Hr + t n al [ t 6 s 1 T 4 fl] 

M.JI ttOMQ-LUMO fnicraaim [m [4 t IJ *tid fft + 4 | cjdMdtlh** 

In Ihc tyiloadJiiioii of I wo ethylene mulccutoi (min 4) in iwliibithnr, the 
ground Male IIOMOd.UMO com bin a lino does imi permit L hern Nil (**) oOJiiiun 
(a in Figure 14,13). The fsj) addition which il Ihcrmally allowed goes through in 
orthogonal transition state fd) fonly ihc upper lobes of the p orbitals of ihe 
horizon i a I ethylene art sIiowti) giving the product (c = 0. Even in this disposition, 
itie overlap is only minimal and worsened by Ihc interfering effect of ihe 
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substituents fX and Y). Thermaf F-2 + 71 

]■(«). Photochemical \ W Z + ZT llld arc thus very rare (m 

howewMlIowedfsec bard cTn Figure 14 p j'j" lvl,eilt fir2, + <r a l adcJirions arc. 

R^re'S^l'^MhcT'^+^rj^on^! 10l< ‘"'’ l"'’ * s ’ n * 1 ' 1 IaTbc " c ,xv ™ 

of Die olefin fFipurc K 2 % ' i d v 1 ’^" 1 ,lrc LUM0 



IXV 1 



nptfxr 14.14 Add-on Df C5rb™c hi .n nfcfin 

rz 

iriS ,,0m 4 ' r ‘ Cl “ lr ™ I, ’ ltn ’- Iimil " ri » '-“PP+fl cydondUiirSo. 

M. 3.2 Cencmlkccl WnfKlwanl-lfoJTmann rule 

total number^ 4qH? 2 * dec!ron^7 6™n^r T lhC " =J,C, ' nfi " F -*YK<c««. with a 
while those W f,h l elevens mV etc ? V 1*° "t*™' Ks) *****0** 

SSHSHStiP^SH 

.dd?„-rLVr ‘ycloaddilion, the muimum number of modes of 

.dd.bon is 2* (for n components, i. is T): ( ssX (m) , , nd ^ m0dcS of 

— "to «M rrt ™„, rtr „ „ 


^ ;il*. ‘ .»*. ■ ^_*A *** ■ 
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45B Stereochemistry 

f it) Only in the fs.s) mode of addition, ihe two rr-^ysteins approach in parallel 
planes. In all other modes of addition, (he components approach orthogonally. 

fm'l Configuration of groups at the two termini of a supra fa da I component is 
retained while ihnt on an a man facia I component is inverted. 

f/v) For either m or n greater than 2, there are two modes of fs^Vadditions, ihc 
substitution pattern permitting, one giving endo product and the other giving eao 
product do be illustrated later). 

{||) The [rr4i*t'rr2*]! addition is most facile closely followed by f-Jn-bjirJ*] 
addition. 

14 J.3 Stereoselectivity in cycloaddition reactions 

Cydoaddition reactions when concerted arc almost totally stereoselective and the 
stereochemistry is decided by (be mode of addition as permitted by the Woodwird- 
IfnlTmsnn rules, Since these reactions proceed by way of cyclic transition state 
wiih loss of degrees of freedom, they arc characterised by hirh nepniivc entropy of 
activation.* A few irinmnlccutar cyelo.nJdiiions and fnicr molecular cyctoaddilinns 
with only two components fwhich are more common lhan those with multiple 
com pone tits) are discussed here, 

L1 1 + 2] Addition. Thermal Tir^ + *-2*1 cydonddilinns I willing In eyclobmanes 
arc rare because of the feomerrical restrain! in ilic oMhoprmrtl ir.imilinn stale 
ilivi^Kd before. It 1 lie ilouhlc Ihimt in ilk* renrlin.p spri-irs. is hviMnl jiEnmU il-s aiK 
so dial the two p orbiinls arc no longer p.imlM (and ctiplamr) as in ilk* compi'imd 
(XVI) (Figure 1'1.151, obtained by ilic plmh trlii* mica I f _4, I ^-1] uiUfitjou nf 



ixvtn 


(XVI) 


tlpurr tIJS Tlicimiit [J+ 2) OfluiJititicm tif okiim (the Arrow shawi the Iutj-IoJ 
doable bond} 


benzene and butadiene, there is betrer overlap of the FMO's and the addition 


becomes facile. In fact, the intermediate adduct (XVJ) spontaneously diroerises to 
the product fXVIl) with the expected stereochemistry (see Figure 14,13) of a 
[-2* + n 2*1 addition fKraft and Koltenburg 1967). 

Kdenes and cumulencs with one or more sp hybridised carbon atoms which 
lack a pair or interfering substituents at one of the reacting termini also undergo 
thermal [2 + 2] cycloaddition with olefins with relative ease. The former (ketenes 
nnd cumulcntt) behave as tirtMn facial and the fatter fnlcfios) as suprafacial 
components. Two stereochemical features are usually observed: The olefin expectedly 

*Awott valua of A£» for DiflvAlder Kictkm! * round—3S JK” 1 per mole iwl for ligmitraric 

FamngrmenU a tea roundest) JK’ 1 per mole. 
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double bond {j. c r=n nf ih» t , 

“TOsidt), As a re51l)( MKkL c S™,' h ,Vr Mc ' Sof ^ 2 ^ le "«»reo)ii^ 

Slcncally more ji, n j ered (OEl cn J ^ r ° e ? pJroducl ofthe «Wilfon becomes 

s—'- — - sttMx *: 

o 


>o 



J,' £££' f^TJS^ Diels-Atder ruction fa tfc 

respect to bothrhe dfene ,l,d pr0Cetds “'rcnMlectively, syn wilt 

“ b TSC CO r? d of ^ -*«S» * b^d“ n T „d X" 

recently been confirmed using suifaWy demented components fFigurr M. lg) . 
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product being atmosi exclusively (>99%) the cis isomer (Houle ct al 1986). Ii is 
beyond the scope of the present text to 'discuss the Diels-Alder reaction in pny 
detail, A few characteristic features arc presented with appropriate examples. 

a. The diene must be able lo react in the a-cis conform as ion; thus any structural 
feature such as bulky substituents al the terminal carbons or the existence of a ring 
or rings which interfere with achieving the j-cis conformation inhibits or retards 
the reactions. 

b, The LUMO of the dicnophile and the HOMO of the diene are generally 
closer in energy than the 1UMO of the diene and the HOMO of the dienophile. 
The relevant interaction is thus between the former pair and any structural feature 
which raias the energy of ihe diene HOMO, e.p.. electron donating suhsiitocnlx 
and lowers the energy or the dicnophile LUMO, c.g., elect t on Jiccepiing suhMiiuenls 
mikes the reaction much faster. Thus maleic anhydride reacts with butadiene at a 
much Taster rate than ethylene. Tn an interesting example, a double bond made 
strongly dienophilic by an adjacent carbonium ion has been used in an intra¬ 
molecular Dicts-Aldcr flMDA) reliction fGnssmnn and Qingtclon I9R(1) (Figure 
14.19a)*. The Diels-Alder reaction in nil iupicuns medium in the presence of ff- 
cyclodcxlrin also enhances the intramolecular addition to a ftinan ring (a diene) 
(Figure 14,f9b> (Grootiicil and DcClcni l9Rfi). (For liclcrn-D ids-Alder rend ions, 
see Sell mid I l9Hfl). 



Figure 14.19 Enhancement of modem rale in e}d™d[|[ifofi 


c. Regioselectivity in Diels-Alder reactions is another characteristic property. 
Thus l-methoxybntadicne reacts with acrolein (Figure 14,20) to give exclusively 



*s™ {mtirtfidi!) aiWiiion of Inm rlcfin pwi inns imp juflcsinn. 


n 


f 
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SSSgg gass 

Si to n" 97 «J he C " mciC " B Cf " 0M0 and L ™° 0<bi “ b S 

of D ;' k - Au " ■«*■«»«* 

,l . ► , xuvny. WJicn coin [he (Jicne and dienonhifc are suhsrnm^ 

by prolonged hcnlimr). This h tin • . ls °T tr bnlo which tt may be converted 

farming orliiuif lobe* of tile smn in d w f COlU *. af1 ' ^rochon tettveen non-bond* 

Wnisdicn, Set! K -«io„ heween 

i i t ic iH,£i}, mis micniction is shown by dotted 



CHO 


er>do 



CHO 


exo 



1 


HOMO 

vs 

LUMO 



FT^rr KJ[ Fi.dh *|«., in ^ DirU-AWer nrmion 

£ C r ^: lt,on ofahe «o product For the thermally 
ibnc .he «o isomer is the Wneiicnity eoS« "Sf ’* 'h™*" *° 

aK,ilable) » an 

is oJlirnaiely convened into brcsanc-lte'fXXWINI't " 22 8 ‘T 8 ’ P "*^ 1 wWdl 
<0 [I.SJ sigmalropic shifts of H (s« faM t side eh ° -" d 1 . aCm < l98 »- D »' 
may approach any of ihc five carbon atoms h,n t ? •" '“ '. hC ^“‘adfene 

"•A Wfnamt",* ^KKSSS" "* ( °' m ^ 

renaions ffo, refcrenccTt« Lowry'and r' h°' ', hC " nous as I*as or Diels-Alder 
faction is reviewed by l987 >' MMla 
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{xviii} (xix; 

PflUit |<22 Si'ic stiff tiviiym ilic CKcVAUtr reaction 


(XX} 


3. H + Z) Addition; dipolar tjcloaddltfon. A variety of dipolar reagents such as 
Uia?omcElmne. nil rolls oxide, nilrife oxide, nnit even rvone tenets with nlkencs 
tdipolarophiks). These 1.3-dipolar addidonsare thermally allowed fd + 21 eydo- 
addilions and are highly stereoselective fiyn addiiion to olefins)* A typical 
example is ihc reaction or dinzomcihanc whh ethyl acryhlf in give dihydrnpvmlc 
(XXI) (Figure J‘1.23 jiV Following the 1MO approach, live LUMO of an olefin 

0 9 

ch 2 -n—im homo 

s ** 

CQ^Et C0 2 Me j^ LUWO 


la) 


(XXI) 


(b} 


|h 2 -S-n nlujmo 

9 —& 


(c} 


HOMO 


Rpiire N. 2 J t^DifflbrcjrctMiJJiiirni 

■ nicracts wilh the HOMO of draj.nmcitianc bnlh supra fnc in lly jis shown (diipnm 
b). For llie linear dipoles, [he LUMO lias a mulron one nf Hie terminal atoms arvd 
hence for ihc nllcrnntivt' combirial ion. I Ik* 'nest hiwvr iincHunpiett motivnlnf 

orhital’ (NUJMO) of Hie dipole and die HOMO id ilit» olefins are miirittlt'rrtl 
(diagram c). 

Thermal ctm rotatory opening oTnii a/irfilfiH; ring in a 1,3dici modi pole juid ii* 
MibseQueni trapping by a 1,3-dipohrophile (dimethyl acetylenedicarboxylalc) 
provide examples of (he sicreochemisery of both the electrocyclfc and cyctoaddilion 
reactions (Hgure 14.24), Apparently, the rate of inicconversion of the intermediate 
dipoles (by C^N* rotation or carbanion inversion) is slow compared lo the rare 
1 ^-dipolar addition and 50 the overall rcadion sequence is stereoselective. 


■For synllwrir spplirilions a! dipolar fttlAhUiiicn irsoioas ur Op^er I5S5 jpd ata Pad** 
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addition in which a" com^nTn''ini™''r°" t, A cMe,n * ,fc reaction is a cyclo- 

cM?“ T, ' cpre,10 ® lydiw "^ d r<A+ ’itd'iv a r" gle ai0,B ' '■*■■ »iHi <■> 

fldd,l i suIphurdloxiS?'d P,flCe ' Allh0U?h (hc wu'on 

■£= “ r r • »ig*s£a& 





'- T ' ''■T. IJI.iJ 

ih* !?i? ^ arc Vcry fcw «"d pn ihcrmfllk-hi f ? y !* Cn mentinn ^. ff.-f 41 

■» of : ^;“r “ ,, V f0p ”" t: <««« S." in 

^Mr c rr conda ^^^ ^°r ^T r 

W.feSft- 1 » > 3 -"* fa -do intn^o^oh?;;: ,hC H °MO- 

—' add,(i0n '»*" Ifa- '" P^Tol'rTr?; 

•EjCfmifln In Ihi. —J_ 1 _ 1 &**] 
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(XX1IIJ 



flpurr M.14 fS + <l]A4<Ji[H?n iho*lnf cm Klcaiiiry am) pm ttkrlivity 

addition Muter the huiiditnc unit and fhc cnnnc double bortl (both art* 
I hr minify allowed). 'I 'll sf phenomenon, known as perilled ivity, l* explained by 
ihe fict that the coefficients of ihe frontier nrhitals of the L UMO of iropone ire 
highest at C-2 and 07. 

14.4 Sipmatropic rearrangements 

Sigma tropic rearrangements arc pericydie reactions in which a dbonded atom or 
proup migrates from one end of a m-system to the other (eovivalcni to the 
migration of a u bond) in an uncaialysed intramolecular process, as shown in the 
general structures fXXfVWXXVn f Figure 14 27), The migrating bond in the 
starling material is depicted with a thick line wiih both of its termini (one attached 
to R) labeled with number l. In the product fXXVlV the migrated bond falso 
shown wirh a thick line) has one or the termini still attached Co R faml so labeled 
with number 11 bui ihc other Terminus has moved ovrr in x carbon numbered J 
(/= 2n+ I). Such migrations are referred to as a [ I shift (R has actually mnved 
from C-l to C-». e g.* a [1.5] sijtmairopic shift in pcnladiene system (Figure 
14,27a), ff hmli The lermini of the bond move, sav one from I to ( and iht other 
from I to j. the hue union is referred to as a f /. _/] shift. eg.* the [3. ?\ sipmatropre 
shift in a dialfylic system (Figure 14.2710. The rearm nprmenls are necessarily 
associated with reorganisation of ihc jr-vnJem. 
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' 14.4.1 Frontier mq| / " rmchem,:at rHI: PericycUc Reactions <65 

owlrcr molecular or bilal fF.MO) approach 

of ifct cr ^ 

in^^h^MO^of wSTumS 
T CnS^l^^tT rWinl ^ih'an ^n! 

in “ * nyUt S ^ m tp *™ /i 1 !^ " ft ^,^7^ r r , hc^orb^7™ O 





f ici/fif- j j ^si rfj, ( & ) 

imrtaclions Ihrough | n he, *”!" , ”™»»"r>i., tjfl<a,Mi, 10o 
q ’/ * k* 1 ‘“ ch nvnlhHU arc known P c ™ill'»g 5u praracml overlap and 

<*«*« z^zit ::t%!zrT' ! ° n ™* *- - «***. 

and is commonly u5c d. On the iumimik^,f ,' “ ^ n >™''»pt teananjeneros 
fc * »fC-H,orC.R, bond 

fas XXV in figure 14,27) is mriniMi w " ,! fof R Va transiiion state 

K ,nd ,h e '■■framcworii fog-,!,. 0 /' Cn “ k ,,t ' 1 m, 'e®tipn. the orbitals 
thft the new bond ran f nrm in Vcon l , lu " "* eonert ^ 
ramtifenicntofihepcnladicnesysiero ,he2»- B " n " , \ ,n H-SJ sfemairopie 
F«n ad.enyl racKcnl ara | a h } J,„L al0 “JB'raty ttatisii™ so ie consists of. 
Tbetr HOMO', ffo, |J |, J ?«* I rlecrons respectively) 

2 e . S2 T s >"»«ty ctoSn* 17 F ’ fU,r R29a "* twbitals 

unde^o m -phase overlap sn P?eJti „„ "?"*<* - plane) and 

fi-3f sigma tropic migration in aliylieVolee" “r^uro M MM !im " ir ^ fw 

■Kurc jq.^yb) SilPVrut 
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""" K ” ,w - 4 * rwo.^., tl . lfr „__ 


■ HOMO 



(h) 
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miration (the ortrints are symmetry correlated wilh resect to a C? aiis) which, 
however cannot Ulic place due to lack of flexibility of ihe carbon chain. H ii 
understood that in a xuprabcial mipratfem. ihe rr^ysteni icnulnn planar and the 
symmetry classification of orbitals must be done with respect lo a venial 0 plane. 
In on antarafnciil raipniion, the two termini of the i^-system are placed one above 
[he other giving a slightly helical shape lo the ir-IfOMG and the orbitals mw\ be 
symmrlry classified with respect in a C- a sis. 

An IJ atom can form a bond through its Is orbftnJ (?p orbitals are of very high 
energy) onty having 3 single lobe. Consci|iienrly„ it car move between lubes of 
Mine lipn bu! not of opposite signs. This means that an ll can migrate only 
supra facially with respect to i«e!f. Other atoms such as C N, nnd S cm use their n 
and d orhii.il> having lobes of opposite .signs They an interael either .solely with 
one lobe. i.e.. supra facially or with lobes of opposite signs* i.c*. <ini:imind;illv with 

resprcl to 1 hem wives* This is illimfmli-cl in ilw 11.71 sipmatropu’ ... Jm 

alkyl pTiiiip f Jt CaU-} in a lit-|'Uiii Tons- system f l-1j> .. |<l .Hi), J h,- .. m ; ii 





o 


figure I4J0 f 1 ,t]Si gmairtvpic ituran[(mifnl ; (Aj suprafflciarajiLirjracial jr.ui (jt> intarafjri:il' 


■»rnficu| 


analysis shows two arrangements (A) and (B) for the HOMO’* of the hrptairtcnyl 
radical and the C-radicnl. In A, the ir*systcm acts as the Mi pm facial component 
boih ihe upper terminal lubes undergoing in-pluse overla p. The C-radieal acts as 
the an in 1:1 foe in I component with ihe two lobes of opposite signs interacting with 
the ff-HOMO in a nun-linear ir-iipproach (its HOMO lias assumed a p orbital 
con figuration). In B, the rr-system acts as an antarafacial component and the 0 
orbital of the C-radical as a suprafacial component interacting with a single lobe in 
a linear 0 approach. Since a seven carbon chain has nufficicnl Flexibility to act as 
an anurafacial component. both migrations are thermally allowed* Two points are 
worth mentioning : fi) Orbital Symmetry rules are obeyed in hcilli the arrangements. 
Thus the two HOMO'S in A are antisymmetric with respect lo the vertical 
symmetry plane while in B. they arc symmetric with respecl to a C? axis*fii) 
Kcarntngemen; suprafacial with respect to the migrating group takes place with 
mention of configuration but rear range men' anurafaci.il with respect to the 

r SilliMilwMis ill* (mull'll; imly .wlnUiK w,‘ < I'li-J.l. iml 
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rHTS^SSwsK 

««*> «vjj£ \7'^::r ,d •*«■ - wSKSs^ % * 

“^Murtirf. " J col,<I N r,l| oii. All these 

M.« Slernoehejnfcal cou™ h siema , mfi , c 

sipm.nropic reaction^ SSSwrthS^fwf 0 i" lhc ■"■taw Jure of a 
-selection fuics io explain the Tierenrh j ^ raann (1970) formulated a number of 

aa-* ~ - •** rsaaf sf£*i 

which is <ypSlty T p,T,hiTUpT'h rcaffi ! n fi en » llf * evolve the migration or H 
nienJe (Mipiaracul \ v of ^ ™ ,n l»™<-'iii 

.f lhc HOMO ends up with the in mini hi vine ]„]/ f ™ T* ■" 11 '* erou " d 
the Mn, c fo«, nupn^i namimnmtA k «n ,!^i u ; tN ‘ nt,Cfl1 Pliaw fs.pnlon 
phases, ihc rcarr.inrcmenl it ajiiinf r ui t V rt ' ,Iltf °hts are or oppose 

LUMO of the JT-cornponcm | m io k wniidnal nn^iP'^ 1 rcaTn ^ Cm ^- d*c 

2. In ord tf tt> jj L . n ij^ (} hq^q h _ ( n * J lllt ' is rrvcr.scd, 

"L*UU in the’Zt°l 1Bn ^ li " Ette ™» 

«9»Uop, c shite (nv0 |« (I + >) ™ J® *• The ( ly] aitd RjJ 

* , a ™ •» , ™_brT of panidpitine electrons INh. 1,7 nlK H [B P«lively and 

• i c reactions lake place through ionir ™r’ uca arc even. If the values are 
electrons would be one lea ?”«,!"“ be, ' rf l>-lW|»S 
electronsrs accommodated in an II 0 M*\ end ,1 ° 1 °' t °' an ™ s °"= of the 

“/ ■* S h "Tl ,n | hc . ,r MOV The IfOMO'a 

3. When the HOMO’s ol the n.en m ™ . prewou,l r d; *“»cd, 

jncl'ons it W |, t* Wn lta( ,J C ,,,“7^”“' ™ h, fl./J sign] a tropic 

fihermnl) ere anhirefaeial for fi ii , 1,10 anpemenls in the ncutr.il species 
.antic ini for [| 7 , , W f,/' ■ "' ,f ' s ' "nrafccial for f| 5 ] ,«()„ , lnd 7™? 

«***> ft*. l! '"I " M *» « * “la? 

•niam&cial. the [j. 4) shift i„ the ”[™ s ^ !UlMU in ,hc «*• « 

;r 'V" rrafa ™' r - '« ik 

fl^Ie and even to a ccmfn extent n ^1 "t'-! 1 ”“ C “ I mo<Jw fn VZl fJ 31 
wniffici'enr orbital otertap). ' ^ ^ shlf[s nrc Wr y uncommon (due to 

Hiprsfacre'i"y“?h ?c7r^f ro'th711"4om»' *” 7'^ ra,,a,, « trac nla on take place 

noietions. This is be ra *e KK T fn U ! wm ‘ l *" d Pf™oeheS 
Please on the same face, the lipand T'™ " iH, 1 | ol« «f lhc seme 

“ rt,pcci ,o ;Mf " d * 
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b0,h lob “ to 

Tl ::1 ■ - 1 " hc ™ ,h = “ ZTi< 

5. For f.yl sijjnjnlropic ri'JirnnpcmcntA.thnlfi / .iniJ I rrnlrr ilim II ■%, 
**c ion rate {WoodwMd-Hom™,,,,) „ rc .ivcn bd™, Ar,^„J' ' 
.npol^l d«„ c((n „, ml « v „* 


1. U -\-J) = 4q : 

2 , (/ +j) = 4$ + 2 


Anlnra-supra ( > r Mipra-.misra in ground Mnlc 
Siipra-Mjpr;i or nnlmn-.iiilar.i ill excited sintc 
Stipnl-sjpn dr aniarii-antira in pround stale 
Antara-supra or supra -a otarx in excited slate 


14.4.3 Stereoselectivity In sigmatropic rearrangements 


c i“ ion «*■ *■« 

m p Wn * d,rtatcd h * lhe P«fcjdie selection rules fvidc 

supra). A few cxjinipTes arc discussed. 

la . ® hlf<s ; Thermal f 1,5] migration of J[ is equivalent to a hi 4 n\ 1 
cycloadd ition and is very common. One of the best examples is the rearrangement 
of monosubstiluted eyefopentadienes, eg., monomethyl derivative (Figured 4 31) 



Jlpirc NJt fl„S||f-4iift in tyetpfKnUdicnc 

in which El migrates in preference to the methyl group and so fast that at room 
temperature only p single methyl peak is seen in 'JI-NMR. 

The stereochemistry of the supraforial [1,5] migration of H is illustrated with 
an acyclic 13-dienc IXXVII) [Figure 14.32) containing a chirat jjiavpjpp at one of 
Ihe Icrminali. The dime cxf.qts in Lwoj-cis covtfnrnijnni^ as \liiswn cjk"Ii jsivrnp: si 
disrmct product with the stereochemistry expected or a supra hcfel migration. 
Chirality is transferred from C-l to C-5 [Roth et al 1970], 

As staled before, thermal [1,3] shifts of carbon fin an alkyl group) can lake 
place supra facially on the rr-coinponenf with inversion of configuration at ihe 
migrating centre. This has been well documented in an extensive,study by Hereon 
fl%fl. 19722* Py™ 1 ?™ of * , «dn-h«cyclnJ3,2.0]hept-2-cn-7-mcthyl4>-yl acel.ne 
fXXVIlly figure M.33) gives cxfj-iiiL'ihyl-cjrn-norNirnyl acetate (XXX). Tin 
HOMO of the filly I system j me melt with the twu opposite Iflhcsof flic the p nrbihl 
'*f ^'7 in til* fs,4) JTirxIe. hi n similar experiment, 7-Me is /epljicrd hy ]) amt i 
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produul wilh Jimilngoiu McrtucJ>rniidrv fvvy u . n .. 
have elective overtop* C-7 has i* mi ( , ' ' , c J IN ohlaiiied. Jn order io 

isotoeric compound fXXlXj requires ihai m 1 h lll,w ^ n *JircJi in (he 

«* ™S This sl „fc tffectST.bf ^ "” der ** of 

»ltow«! ,01,1c. The Mmc ^ (vxxffc „£ r CUrn " 8 by “ 

“52?? and prob3bl> ~?S« 2E2Z 1 sy " mHIT m]Mm 
“"'" w 15 ■- -i£sa ijfftc sr*^ 
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“ ' W ?' t ’'™"«™"* WootomZi M&S2 

mn J ,' X „1 ' m '* rD,ln " m ““ nrc «a% “kc pt.ee npnrmly with 
J„ r “ h ° r f r "* ((1 " ,hf "I* «<tf m [he cjdoprnpane ring) hill ra.iv he 

*tekra relali ,1 gT'’ 1 "* 1 "«. "*»** *«np « I'ennilW by ,| K . 

Z* - --rrctrr,;: t ars 

5 =.* «r=i h ns s 

n" i i' 11 ?* bievelotJ.I.O] penloiyl derivative (XXXI) (Figure MJ4.) 

_ e go« ihernia] f|, 2 ] shirt to give the stabler isomer (XXXJJl^The orbital 
picuire is shown m the middle which is consistent with the stereochemistry j E 

SS,"' ,ht "*■** “ n,re Md -*■ «-^ 2 Trffc 

, AV!* C C ?f re5p0 1 E ! din ? 1 ^W.LOPicpiadienjI derivative fXXXfll) fFietirc 
H.34h), a thermally allowed [1.5] sifmairopic rearrangement (see Ihe of£3 

M* 0 ,C M* 


O, 


h. 



JKXXVl 


Hpurv N_T4 Wilt mmaremem 

din pram) is apart ft I In F [vc thr isomer fXXXlV) in which the riintyumlhrii nf Ihr 
migrating cuibon is retained ami the Mihsiiiucrnls have chunked iheir ciiJit-no 
positions. However, in aclual proctice, the isomer fXXXV) is observed — a 
product of the forbidden path, li has been suggested Ibat in such cases, (lie 
‘principle of least motion' iwhich apparently restricts the motion of a migrating 
species to ihc minimum) takes precedence over ihe pericydic selection rules 
(K lamer I9B4* Carpenter 1985). In ihe bicyclo[6,1.0]nonatric'nyl derivalives, the 
walk rearrangement Likes place again with inversion at Ihe migrating centre 
following pcricyclic rules. 


^Surli ejrtkjjwnfiiSTK fiiifl i a known an jrripnlvlic rinf. 
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Dyriamb Stereochemistry HI; Perieydic Reaction 47J 

<he ^™ n,n * trocnf - ° r th ? f* Jl sigma tropic rearrangements, 

rrv.r^f r h 0 " 15 lhC C T fCamn £ cnie "‘ fs« Rhaids and Rauli™ 1975 for a 

i thiSb “ n Sh ° Wn the derate 
r«^ n gcmcnt of l.^hc^d^n, (Figure J4.27t». It ™ y be regarded 0 + 

Si fmrtilcr S^v W ."* !J arti ^ M ' on nf 5,x **"«* h -ctordancc with 
Js ! ^" dop l cd so 6r - l »° ternary iransitfoi. states (A) and 

fB) (Figure 14.351 may I* envied Mh allowing SU pro-ttu pra thermal mtcr- 



n(Mtv N.15 Chair lilitj ml hnahlilr Imufliun MairWn ihr Civ* rnrim^rtncAt. 


Jrnk H n *™ a * cmm < A > IS over the b^al-lijcc one 
(D) hasten established by Docring nnd Roth (1063) from the stcreochcmj'Mrv of 

pyrolysis products of f±J- and ffl^^imeihylhcM-J^-dJcoe (Figure 14.36). 

a tvJ* er * ,wcs a ?” xture of EE *«d ZZ dienes while the latter gives selectively 
the h,Z isomer concern with the duur-liln transition state. The preponderance of 


a. 





Figure 14.36 SccraKleelivi'cy fa [fie Cope ftajranprrneiu 


M__ahlnn nnHl 
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^ l5f,mcr In pyrolysis of ilic Ot'Horm emphasises that the dico tin lftri.il 
ai:iiMikcflr;nji£cmcniisprcfcrraf. 

Tlic chair-Jtke arrangement in the transition stale of [3,3) migration is also . 
supported by consideration or secondary interaction in ihc HOMO-LUMO 
approach, Tims 1,5-liejcadknc may be divided into two components, an ethylene 
moiety fCj-C]) and a butadiene equivalent (Cj-Ci'-Ci'-C/) and their LKMO and 
HOMO as it 9 and qh respectively are shown in (CJ and fD) (Figure 1435). It 
may be noticed that in the boat-like arrangement fD), there is an anifbcnding 
secondary interaction between C-2 and C-2 J . 

The thermal rearrangements of optically active 1,5-diciies show that ihe products 
are of high optical purity-a fact which proves the concerted nature of the Cope 
rearrangement and its possible use in the transfer of chirality to a remote centre. 

In the ease of 3-hydrosty-l ,5-dienes, the product of the Cope rearrangement is 
in aldehyde or ketone. The reaction is known as the oxy-Cope rearrangement and 
is effectively irreversible (see Marvell and Whalley 1971 and SwaminttLhan 19S4 
for reviews). An example is given in Figure 1437. 

OH 

Ufa If MJI Art fijy-tVpt trininffnirnl 




4. ff.il Shift: the Clalsen rtamaittniMif. One of the oldest [331 sfpmatropic 
rcnrrnrf!fiticiils, known, was discovered liy Owivn nod is very similar in the ('ope 
fta orange me nl. In this ihc migraling u bond has one of ils leriTiiruiR .i line lied in O 
for to N)m In nllyl vinyl .ethers and nllyl phenyl elbrrf, t he tuple has (wen iipUy 
reviewed (Tarbell 1944, Rhonds 196,1, Jl.inscn and Smith J969. Tliyngamjan 
1967). The same chair-like transition slate as above is involved in Use product 
formation, A typical example is shown in Figure 14.38 for ortho CUisen 
rearrangement. 




figure I43JI The ortho Chisel) ff Iffa rfCmciil 


If the double bond of the nllyl group forms part of a cyclohexane ring, a mixture 
of e- and a isomers is obtained, the latter being favoured (Figure 1439a) - probably 
a result of $rereoelectronic control (axial approach) (Ireland and Varney 1983). If 
the double bond of the ally] group is exocycii'c, the stereochemistry depends on the 
nature of the six-membeted ring (Figure 14,j9b.e) p e.g., carbocydic (w r here e-vinyl 
is less preferred) and pyranose (w here r-vinyl is the sole product) (Tubhian el a! 

1984). 

Several variations of the Cope and the Claiscn rearrangcnieitis are known such 
&$ ihc cnc reaction* (both intet'-and intramolecular) (Hoffmann 1969, Qppolzcrand 

• Tfvc cnc naclJnn usujJly orvnpctM wlih Diili-Aider cyttosWIlKO mi may be ic|;arck4 H * c^cltthl- 
dilJQn r»drtii. 
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“: "“ Canon .ca.l7«»™! r Ma"S7Xd2w "»-»■»- 

WjIJis [974). e ,rfj]nnJ *<- l^jicn rearrange men E {Gfll an[ j 

5. 0(j, t . r f/,/j SJrfft*. Amon,. „,| ]t:r f,' n shife 

beta shown 6 , the reaction or the lithium saJaxXXVmF^m JluoTlu’two 
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H H 

(xxxvni) 

t_ + 

Li 

!V P '' 

H H 


FlSHre M.40 f?.^]SigmiiT{ipic rta it soft men l 



Scanned by CamScanner 









} 


474 Stereochemistry 

conforirfliions give Iwo rearrangement fredgcts fXXXVTI) and fXXXVIlh 

expected oftupnfaciai migration f Baldwinand PWrid, \97iy 0 " 

N.5 EwntioseUxiMy m pcricycHc re* cl in as 

r £ 5j2££sSS£S 
t£S™ i “* 19W 
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sigma tropic rearrangementswWMhe Id' P ?f C ' P,C of cllinlI ' l y transfer in R.31 
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ftp. re 14.43 Chimlfty (Unfair, the Cfcfa, nriiur^men, 


(R)-E 

|B >90H 
«■ > 90 % 


**X2Z »«*» l-h place. Be 

stereochemistry of [2.3J siemirmplc rcarra^ Bn, “ 1 ' 1917 • Ziegler 1977). The 
I979) - S *“ *» not IZ .nytS'S^h'K^ <H0,r ™" 
14.6 Summary 

1 ^ ** b °" d -™ ki ‘’e «* bond, 
do not involve any ionic or mdiMi ;«, V jne^ronoiiij one-sicp process. They 

polarity, and take place only Uicnsull y oTnh ont-h'" 1 ’ by solvent 

D'eis-AMer reaction, which ire catalysed by add). ,,y ccpI for “«•*" 

principled c^v" 1 ,'^ i r;StTt5fZ''™, n'm c,|,I, "' , ' ed by 'be 

native simpler approach namely ’ I Wnodward-JInrrmsnn). An alter- 

(Woodward iiX.« toS2sjStlS ,r (rMO> 

«f>l.ins all aspects of Ihc rMr.ien n. Ju i ' tt * 1 w hfc!. equally 

between the HOMO and LUMO oftlaMwi?* V"* <lpp '“ cl1 ‘be interaction 
ip the eon teat of «ne ’’“ '" If^Tr' 5 “ 

KSKssH aTKanuussrass 

xsszz sirs 

cycloaddilion reacttatK ^nd stern'r ° n,> ' h,K ni " ,,e,y • elec " oc >' c,,c reactions, 

4 In Z? ™ ?. d a et™ tr opic rearratigcmcms arc diseiLssed. 

■be oZ'ir: ^Tgh «s° rcWra% from °° e " dor * ^'» 
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Chapter 15 


Molecular Dissymmetry andOiiropfical Properties 


15.1 Introduction 



propagation jy axis), is the rcsulLinl of two cmraJ component* - 3 relit tirctihrly 
polanactl fBCP) ray and a left criruiariy polarised (LCP) ray fwftose projections on 
xi plane art circles) fFTgitre IS. 1), Because of opposite chiralities, these rays establish 



1 


LCP 


npiiK IS.t J meMly fO-lafiffd liphl pad ckciilJiMy ptfarivd im (|£ = dnin'c field 
vnrtort 


diastcnco meric relationship with any particular emu tiomcr and fio interact differently. 
If the nature of the interaction between the radiation field nrd the rnaimonwnc 
molecules which differ in the arrangemenr of atoms or groups of unequal pola^ 
inabilities (the interaction probably takes the form of a helical oscillation of chaise in 


*Tln magnetic field awodaieti with deeuotfiapneipc wira lin rcrpendpculariv m the eleriric relj ind 
as Mflor n m™M*wd in ji plite fn Figure 15,1, 
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Mohxubr Dissymmetry end Chfropfal Propemes 479 

the absolute JonfigSon'oif 51c cKTral COrn;li "* rotation win, 

theories have *en\o,h* Approp^ 

yel limned m very simpte molecule and an* nm ^ui thdrippjicitlontart a.i 

**■*» 1982 BB( j references died Iherd^ Wl, °! ly re| “ b,e fBrev«i e r 19*7, 

™w,f«tarioji of oilier chirop il 2° P ? U ‘' 0n5flrcaIwi ® OC| i'i«3 with 
CORD) ftnd circular « T? 

Prospect Tor the determination of alLi u J ™ r *** of whictl offcis a belter 

»hrch Is necessarily inodequaXt^of J hC nf “ cm 

lhe latter aspect than on Hie former. ^ C ' C em P ha£|S h a$ been bid on 

IS.2 Polarised |[ K | 1(S ., pld c hi,„ wlca , propcr(ics 

ISJ.1 Linearly and circularly polarised lights 

W ™ OT ^ * n,a P „;,„dc 
W*. .he magnitude o f Z TT “ “f “^Y Pdrtrt 

continuously in a helicnl fajhioo fin ■. - but "s direction changes 

« me Lr *avc(E) ai A is max,man, being lht s|ln) of ^ ^ 




nep t LCP - LP 


III) 

LP V + LP h =RCP 
X 

l + y out flt phase) 


r\pm 15 2 l. Combiru Linn of RCP *m! LCP n js in r \w , 0 r j BC u> wtrt 

U, Combiniiiion nf iwn muimlty perpendicular U* n*vr$ ju-hb time El 
tUnitci wivclenpili oui of plm* badFiijt lo CT mjfl 
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® " sE ’ “ d . El l retMc iin opposite directma,’ becomes molt O 
Ne J E* and Ex nrc oppositely directed, grows increasingly nC g ative „ pl ^ lmJ 

SiScii^ A'when E*. and® El ire again to 

5T^ ThC "f Wir ? movemem Lakes place In a similar fashion w that ihe lip 

al * s J? a f lai ^ fJtyJ wbosc rejection is a line A-B-0-B F *A' 
along x axis, the y bus being the line of propagation. 

In a somewhat similar fashion, a circularly polarised ray (RCP or LCP) may 

wnih C thrir riL rronJ f tW< ? tttncuncnl totndy polarised waves of equal magnitude 
7 their pinnej of polansanon at right angle to each other (LP V and LP„ where 

^fTcrencc ^ ^ 0tiwnl:ti 'wpwtfwW ^1 having a phase 

h R-Ln^i <*%F /2 (a , quil * w of “ Wirc **«E“0 ns shown in diagram (EE) 
LP ‘ v 711 * rcsulLlI,c cI ? rinc ficM vcctor I" nlways the same : OA when ihc 

LPv vecior .s max. mum and ihc LPj, vector Is oil. OR when boih have 
intermediate values; OC when .he LfV veeior is nil and the Lf’„ vector j. 
maximum, and so on. The lip of the resultant vecior thus dc^nhet a helix f whose 

Z-^Trul'i /I'""" ri,c " ri ' c, "" lv »»«•■ net* ir „/ 2 

nmi LLr n tr/2 is ntfgrLlfvc. 

15.2.2 Circular birefringence and circular dlcfiroism 


When a Eight beam travels through a medium (which undergoes electronic 
iranshon at a certam wavelength), iwo things happen as i result of the interaction 
between tts electromagnetic Held and the vafcnre cleclrons of (he medium, (f) The 
velocity of light v changes and with it, the refractive index n f. c/v; c* velocity 
oflight in vacuum) (tf) The intently of the emergent light diminishes cue to 
absorption. Both ihc phenomena are inlerrdatcd and arc contributions of electronic 
transition. They are wavelength dependent. Absorption is at maximum at Ah,; the 
rtfraciive index increases as the wavcfcngih decreases but rapidly fills to j 
minimum in the absorption region (abnormal dispersion) AI A™.,, there is not-fTcd 
on refractive index 111 _ J). The changes in ilrsprixipn tuul ihsctrprinn nvrr n range 
ol wavelength (covering A, M1 ) are shown in ihc diagram ff igure J5,3a) in which k 
represents the absorption coefficient. Along side arc alio given (Figure 15 Jb) an 
Dpiical rotatory disperiwn (ORD) curve wilt a positive Cotton effect and a 
positive circular djehroism (CD) spectrum (to be discussed subsequently) to show 
their apparent similarity in pattern. 

When a linearly polarised Jighl beam passes through a dissymmetric medium, its 
two circularly polarised components show different refractive indices fn L v* n») 
and different absorption coefficients (Jcl^Scr) giving rise to two chiroptical 
properties of a chiral medium, known as circular birefringence, and circular 
dichrpism respectively. Although these two properties are interrelated (see Kronig- 
Kramcis transform in Djera&j I960), tbeir effects are best treated separately. 

I. Effect of circular blrefrinpeace. If n L is greater than n„, the RCP component 


* Aid 1^ m tfwwTi by iimwi u ihfiy mnw Clw circle ^OfCriMnc qut| *n£fd buE in 

,I|J cai.n i'i. TTf reiulrfl^i vetLur E ii warle 4 «In phi Utc rtAp^Uve jvuhII clopmjn n. 
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ipcnrrt 4S1 



la) 


Fipiir 15.3 fa) Dispersion N) ind ibwrptfon (CT) rv n function of A; (h) ORD tvr* 
with a poa civic Coilflfl cJTcCl (I) 11*11 posiiivc CD sped rum fID. 

of an LP wave travels faster Ilian lltc LCP one in the chiral medium (diagram III in 
Figure 15.4). The resultant vector or Ek and Ei. no longer oscillates in ihe original 

^ but in a new plane defined by B-O-IT inclined at on angle 
o away from ihe i axis, rhe plane (and also o), however, changes continuously is 
Ibe ray proceeds (along y axis} resembling a iwisted ribbon. The angle of relation 
(a ) in degree for (ra versing a path of I cm is given by equation < 1 > = 



(i) 



(for a path length of I dm) and dividing hy C (cvmcenlralion of the sample In 
fiAnf). Molecular rolnlmn [ i ft Jx is ohm met I from Ihe sfVeiRe mt.itinn hy the usual 
method (cq uni ion 2). Their v^Ilus* vnry will) ihe Eempenilure nnd wavelength used. 




It may be observed from the above dismission that if the RCP component V 


(ravels (aster, the medium is dextrorotatory (a is + ve). ir the LCP component ' 
travels faster, the medium is levorotatory*, The difference in the refractive indices 
(cqa.l) is usually very low, a few parts per million but since the denominator (X) 
has a still lower value, the rotation can be appreciable. 


♦nib is, in accordance with Ihe con*f nlioo of physictsts who look in ihe dirrclion of ihe right ray. 
Chemist), on Uw oitier hand, measure the relation by viewing ifiinst ihe source of light and hence ii 
is oppositely (igned : positive fdc*lro«*riilory) if nurels fasier than F* ar*t nfjnlur (lewfolnroryl 
ifl^it travel* fatlcrtlmn pj.,The ehc wills'aiiivcntirMiieusodifrmvii uiiivetully cxurpi (wimilhemnicil 
treatment when physicisti w»er« ihe lipn of opjucprialc funeiion*. 
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"L> n R or ' , L"'R“ * 


‘l^r! 

e R >e l]' 


Ifi] EP 


(vpjpe 15,4 (FTl): Optica! rouiKni due In circular biftfnnfen<rv. 

( 1 V|; Elliptical^ polled ray due io litmlir dichrriim. 

2- EjTeci or circular dichroisin, As u fundi or dfetfer didimEsm. the two 

« r ^ rrKl 1 ?? Rf ,h<? LP ^ill be absorbed to different 

r,. L lf ,Jl £ l component a absorbed more strongly, i.c.. k, > k J( . in dcciric 
'? V “ lor Fl w|11 ^ waller lhan E* as shown in the diagram IV (Figure 15 41 
^hen they are in phase, the rcsulum vector is OA; after a small interval, their new 
rwsi ions arc Ofi and OE„ respectively (as projected on xr planet and the 

The "i? ( ‘ he " f ,hC 1W " n, "P"*-“ "it «mcl, 

Thu |,p i»r llw ftsulranl vector* thus lra. es n ll.illniid lull* w W ,M«je. ii-.n t .„ *, 

phme is an eli r (A, It, C. A\ If. ,,*1 C an-lew poim* lin i0 Such ■ ray i\ 

a led emp^cnlly pnhnscd fHP> diaracierirird by a .j.« mis A-O-A'nml a minor 

teidid «S’ly Si P QlW "* N - W" 

-.wW iS drf i Wd by an an?te * < in radifln >» H“t <•■»* icpmseou ih* 

m.o of the minor io the major axis or the ellipse. For small difference^k. and 

k *’ P for umt length {] cm) is given by the simplified equation: 

^ = W(ltL-La) f3) 

Employing ti similar procedure ns in opiical rotation. I lie specific duplicity of the 

medium may til-in be defined (for a length of 1 dm and concent ration C ing/mL) 
as follows: * 


[VlTiln derail = 

A C A 


MJ 


*UI(C i», ’F ilw chmjes continuously m [he i*y irivets Lhroufh ihc rretfEum. 


Scanned by CamScanner 




















Mohnhr ftiwymmeiry find CMmptkal Frontlet 4*3 
' lrculjr eocflicicnl. 

c “ d »-9 * Jn* 

anipMitd by ran.win* cquaiiou (5) into equation ( ™:'' r ' l '‘ , '°" :hip mty 1,4 

Combining eqnntil* pu', '^m***? * ' ' '°° 0/M (6 > 

ten™ of molecular cuinclion tOdfiricM ™ fot' ' ' n " C, ‘ 3 ' may te “■*«* i" 

r*lT«-.. 

X 4*0*7? * M “ t€ L‘ £ R J 

mttbWnlS 

r Q iT. ieoo» 2.303a Cl 1000tM . 

>i 4 xC X TTx M*ioc> f H’ e R J 

-33G0x&€ f7j 

actual eUiplicaUy polarised with ?is J by J -0 - 1 *. ,n diagram (Hr) is 
the ellipticty it extremely Email {execot^ear'ih^ 0 !" C ’^ cn 1 wlh However, 

meansnpful dbiindion whether one treats ihe . J, . Sor[>I ' on band ) in ^ ^cre is no 
orelliptialJy polled. C reiuI[anI « finely polarised 

15 . 2,3 ORD and CD curves: Cotton efleci 

circulardichmismg^ r^^r^rloth^r^pomrl!° r ^ bifc/ ™*n«* 

orop^imoufan[.],,: t+ j:s;2 iZ^ a :: l,r . .. «**»»«£ 

fro™ , hc .teotpooV^i j" r 


rnsri^piloin^is^o tve wr £1”T "° l OD “ ,he ^rotarion line * 

rises sharply to a maximum fneall then /inVn ^ 1 ”” a p om<> ^^'- inerotaijon 

* A plain curve * hieh tlt« mr cr™ the Jefu-rnlafNm tik inti it i^r 

P-eawniDIc nipt » . wm,,! flir « fojcnwi (ifco, f Bm " U * ' lr ni ' n,n ‘ 1 %>1 ' ,Fr * 

Thb is (he cDUi S , (ice of ihe thermal dup™,,, c f j^frjr,:^* 

Figirc JSJIj. irlrJCiift i.dei JmjBd w 
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Stereochemistry 

^'? is , K "''' “ “WM ■ Cortai affect 
tliagranCIf in the cum,. ,1™^"“?“ f,),,nd * *“"» «». « .town in 


per.urbr.lion of 0cSfc 2';‘T < ' M W " iCh . is 3 

■« - > "-sskekss; sEr*—— 


. WJfi-CO]i 

100 


( 8 ) 


o^*SSTh“SfSfi? "■“!“* hy ~ <* fcnowa « 

■*—2A 0 caV^So,J&SSEioVXi ? » 

is an empirical constant 6 close to the ato orphon ma«mum. and k 

^ * "J2_ x |“ (SJ 

3- » '* "-£2™ nZ^"r d iS 

equation: k ' u Iohqwh® approximate 

y, __ A — 40, df*„ mm 

SMSi: 

r^ll ta ‘ '"- f " 1 h rmi,! ' r "'“' *» “ "» CDsjm-m.,., 

IliC area under a CD * ' * C l? U * W ftrw:,y * ■!» l«.. hihI 

slrencik fit \ of n rh* 1 ™ V*™ ,,llc^:^:,,Cl, K ,vcs n Msmitc of (lie rnfaifanal 
2 '(*'].°* <*™™Ph«fv undc^irtp chiml imnitiijfin, n s ma e niiudc fe 

rdaietl to the induced elcctnc and magnetic drpofes {m< and #i£): 


At-Ati 


J?T“ 3 " 0RD aQd a CD Curvc ‘ la «er provides some advantageous 
J!fti, C , D h m t XimUm . VCry flMrly ““'d® w ' ,h *««■ The ORD curve is aLriaied 
TOhnitS "T"' as skclc,al «"*» '»transit ion. .1 a dfeum 

rr.vCrn,^ m ” , r ln " f rfere w " h ,hc of IK* .fen nfihe Ca« 0 „ 

™ f f « f" 1 ™ *»ch hitckptnnntl effect nnrl im compound tin* 

more limn one otahtpnnn nin.imum. |li c CD cxlreinti ire is,mil, v.-dl remaned. 

non 10S **“ aln,0Sl CDm P lct « , y replaced by CD. Earlier dan were 

ORD h?,he P nv m T r 7re' 5 1 b ® n,!C of Rchoi “" <™c“"y '« rndmrin B CD. 
D in I he Car UV is also difficulL to measure because of low light ixansmission. 

15.3 Application of CD and ORD: comparison method 

CD and ORD curve s, particularly those showing one or more Colion effects are 

* 14|x l&‘ is Tinned againn X, V btcomei equal i<> 'a" u m Fi[{, ] Jjh. 


— * 
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maiionnj) bformJiL^ Two confor - 

mcihod in which the dispersion curve n r „ ^ ra ? adopted ; (fl a comparison 
compared with those 0 f reference comcnufl 1 ! 13011 ^ ° llnl^Ilow, ' WnfI 8»raiion is 
absolute configuration and Ml a W * unilar itructurt m Jin own 

ofcpetimemaJ narameterr T&5 ** lpproacb ^ « comparison 

with those estimated from ir£L™i£i l0fl l ' tL V, m P |iludc * * nd position) 
thconeileal approach which nermits iiL *i s ^ mi(n JP ,n<a ] rules. A completely 
optically active transition of t^chromoph”f U^faffrT 1 ^ 1 “S** ° f *** 

“AWs'erssr.rrSSa^ss 

- iftssa: sszssisr — 

*53.1 Use of pJarn curves 


J89 .mM« ^"IrMdTTJlfrebr 1 f!o“hc uv" 0 ! W1Vcl " ! 8 lh 

evade dcimi.™ ««.«.low.. „ 

Specific minium., mcmmliil W„.clcnvlhl,’'i,!'||“iN n ," r ” '""T 

Undergo manyfold increment rIO in i tL ,- ' ' 1 f ''rr (m n plain cmvcl 

marimum) i'' °’“,L ? °" C * I ’'™ cllK »« «b«.rpunn 

M-S^SSSSS 



Fpire IS.5 fa) OR D curves of o*, *i-, and j*iddOpluaKi,iiy propionic *t*J 
fi>) CD Curves of 3*0*0-, and 7-oidiicroid] 


Ojintil manor h vtrj kv (or nil) wlicn there it no ebromophoce u in nll-illvl compoundt, ec 
CRRjRjRj. 
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4S6 SterevcticntLsfr/ 

Then -gain, a plain dispersion curve for cetuin molecuIes-sLiriino From ilic 
Dime—may cross (he zero-rotation axis so ih.it (hey *how tevorotalion ai ihc 
Oline but dextrorotatton ni shorter wavelengths or ihe rewrr*. In such cases a 
com par $on of specific rotations at the D-line ora xi or similarly conslituicd chiral 
molecules h,ivir^ the same absolute configuration but one having a plain curve 
crosjng the zero-rotation axis and the chert not may lead to misleading 
conclusion, Th,s IS Illustrated For the nrihn. me*, and pin, isome* of 
( rodophenosy)pmpionic Acid (Figure Ifl.5n). The ortho isomer shows iron- 
conforming levorotahnn at Ihc D-hnc aflhough all three haw the same absolute 
eni! Fryi ira 1 1 on, /f (J Jjera wi | %0). 

(5 X2 CD and ORU curves will, Colton efforts 

ORD and CD curves showing one or more Cotton effects am more useful and 
haw a vanciy of appjfrations as shown below, 

L Functional group analysis. Sometimes the characteristic bands of a functional 
group in conventional spectroscopy (c.g,. JK and LTV) may be complicaiftj due to 
overlapping bands. The Colton effect appears approximately at the absorption 
rnaumum iA (ni i) in UV/visibfe region and Ehus provides correct information 
regarding llic fund id mil group, I7ie iliMirplioii uidiinu or a few conn non 
chromophores are given m Table J5.J, 

Tittle fS*f 


Oimwrhwt fuFKtfdn 

1 i-^ 1 

PJI| b 

C]iimm?rhq#k; fuociiaii 

A-.'" 1 

KdiW 

a J?-LVtq|J!U bed Utone 

Cllbdijrfic iri] 
n^-t^JUrtJirfd ifpj 

Birr 

Wpuo 

' 

§ S = Sssi' 

l 1 

Ucicrnc 

nJi-Umiiirvia} lacidftf 

AmicfcAinJ hoim 
Cfuijir^mJ iliriir 

Suli'.rituif J fhcnvf 

S^iIpJrOTidc 

2I5-23J 
250-260 

220-235 

-270 

2JO-2UO 

-210 


X PositionI ora functional group Sometimes the position of a functional group 
(wmcti 15 a ehromopliore or a potential chromoprrorc) may be ascertained if the 
stcleial structure of the compound under investigation is more or less common 
with that of an appropriate reference molecule. Among the polycyclic compounds, 
sicroidal ketones of known absolute configuration have been studied encrvjvcly 
for their chiropt real properties and they often provide important references for 
polycycirc compounds with carbonyl chrnmrphnrcs. The shapes of the CD curves 
or l-OJO-. 3-0vo- and 7-oxo-5o-steroids are shown in Figure 15.5b- The 3-oxo 
fas welt as 2-nio) derivatives fc.fi,. 2- and XoxnrJWrrf.iironr} nhrKi a p^itive 
, .I"' 3 whl,p ,,lc n»d 7-oxn d<<rivHtivi-s show a iH-r.ahwtYiIfmitTrcr|, 

, . ° flni1 J2‘OXOstcroids bulb show n positive Colton cffeci but the J2~rem 

derivatives much*more strongly so, Tlii* fact lias Ken ufilisrd to deirrimnc the 
p^itinn of the hydroxyl group in robtfcrvfne (I’cJIchVr and he J'J57j, a sicrnulnj 
alkaloid fV) (Figure 15.6), (t is preferentially nridiwd to ruhitcrvone-JZ (VJ). the 
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Figure 15.6 Rutijcnirwind nj|jp;crvofi( 

n™^?dd° f A U chan^in bI ° 5 **“* ° f “ 12 ^ Xte(croid raibcr than that of an 

however, Jo cbange The lh( ,. carbon J fI * mu P “ft 

^hyfcydcpentaaoi and tejLkvL Si C£ ‘ ThU5 whi,c bo,h 

cfTeei, ^ m eih^, ohe ^ cxh,b,( a Colton 

Onion cfJccr. /W-mcihyfcjrtmonanone cxhJhft a w^aiive 

of CD and ORD^m^depe™'^" J^^ cnI of C0 ^ Ura ^ 0n ^ comparison 
enantiomeric Sinicin™ am c«cf mirror i rnnc 'P 1 ^ : OKD and CD curves for 

{'faTcknffh). Secondly, if ihc Ihrce-dimeSaT ? T ^ 3CKra lhc absds!!a 
immediate vicinity of lhc rhr{imonhm<» fln . a J ° r lvo molecules in lhc 

IMt CD and 0 RI5 cur,™ rrr c , |Vrt „ „f^ '<* ™Jfc»nilicM,>. 
feven it (he Qti|> curves mr n i«.Vi ■■ * F . ^ n rfrctis (,f »he .same sii*n 
aracln™ nrip nnJiWtil uimrii/ ,i ' ' ^ WfM " i T *»m’spi>i> t | in shape) It lhc 
°PP«;.c. By W.y or „ Sote Vi'r; “* *“ " r «* <•«..», rftaT wi | £ 
roduced will, ^^SMr£*r (Vil > (Fi|P.o 1S.7) when 
wnli the one obtained by taulytic hydro!™ ? "/if °n W u,llcb “ dkstereonierie 
ORD curve resembiinj „? , 1n A/B trans l” U,: T* fim liomrrh “*” 

fwuh o positive Colton effect) while <h n \ 3-oatostcrentI, e.g, cholestan-3fln c 

!ie°fao 0f 3 ‘ 0 ’°- 5 ^ aerof * dvith a rrtabViy"^ 0 ^ ° fi - D rarve '=™bliilg 
heiso™nta V e S , nltlu(cs(Vn0ilnd R cyanve Colton effcci). Thus 



">«h««, however, should be 
cihyl at nearby arbon atoms fc g ? 3 h Vf fhe pre ^ cc of geminal 

a. 4;sias-sj 
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J8S Stereochemistry 

dc(aik1 CU, ! " CjTlXl <mm tJl0[ <lf If,t ' f WK ' n| awnpound (ve Kirk im fur ftirllwr 

■J. Study or conformational chan**. If a molecule c*«ts in more than rnc 
innfnrmcr m solution. cndi conformri win have iu own Ufdi „ r {■]> Kvfvc , mU 

,* n aTKi fflD f|i J »wfe < >f lhc Comm circels u.|i change with ihc clijince of 
co^fmcr rnpi.lj.iion Caucd either by .1 f hnnrr ,.f sohrni pahniy nr hy .1 ^ 

' Ivv-f- b, r .^' ri '^ lJri ' ,5jN w;,|Cf fa "' ,VL " t llf hf f* 

polmitU only .1 pmrhw C nttnn rIT.vi fj> now is <J**. rw ,| | n tlfc . Ml .. V, 

ncmiL WH * ka * Trt*riM cHhru lm , . .. „| |( ^ 

it * ant1 [J1 <» ""'.'Mi' «>lvcnik the negative Coiinn effect 

? , Tf P mnouj1 ^‘ In solvents or jmcrmerfiair poliriiv. both ihe CE's are 
proportion* (Wellman ct *1 1%5). This iyp C of curve* having I wo 




IXol 


t*bi 


Heurr I5.a CD *j«clra and cfluforniil/nfuj ttanfn in f-Vmcntlwne wiiii d tafl „ 

MlvciH pofj rily * 

CD maxima of opposite sifiis is called ‘bisignatc* fKlyne and Kirk J973). In this 
rwmcuisf case the two CPs are presumably due 10 the two coofnrmers in 
equj'bnum, the d.equi tonal fXa) which predominates in a polar (probablv 

f n ardS’^ ° r lbe lwto f ° rm ,XC) which ruminates 

v . - J® ir Sl ? Kertf ‘ T *j e tJjaJdal con former m menihone is uabifiwd by the 
^ opeta[ ' Qn of ® 2-fllMkeione effect fn Xn and ora J^a Iky I ketone effect 

m Xb although the function or the polarity of the solvents is not quite clear The 
:™7b V e ^rnmonly observed in halocyclohcxanones, cg.f^j- ^ 
nf u ?V y f*« Efiel 19621 the con forma irons I equilibrium 

J2£ "J'V *™ (,VC m ' v ™ ^l«F.ly ftl K .. piwnce rtf two <l,>oh'v). 

*rf'^pmitft Also products a similar effect. Thus at low tempcnu.rc 
he dicquaiona] tom or inenihone predominates hut it, population (fernm 

z " n, r r .' ,v ,,r ^ ( ^ >- -.. 1 in' rwn 

oiiir.irnicn hy Hie .. 1 lU Mir .» (mil mk‘ Ivi.le i,ilr:i) h K ahll ht \ K . I]ljl( . [f 

m " Ima ,dM ,on -^' " ansr,i ™>« 

5. Structure or polypeptides und proidns CD and ORD spectra provide 
important information regarding lhc secondaiy xruciurcs of polypeptides proteins 
^uid nucleotides (Johnson 1985). Only a few points am 
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phenomenon in which i i, K ^° rm:i[ Jon cT an n'-heN'r ;. •• erTni 

form if FhA " . a ,ar £ c number or weak tr_h„JT . “ a cooperative 

5 ,r 7 C J» n l«J«piidc chain i* inn ,hnn ri™ ,1 arc jnvolveu. I, < 1 ^ 

isssssssssss 

Wy™ whose ORD 1 „,| ro corves’ ™7 ' "* 2 n<, " m Mil forms „rLJ1 

STh r Js iM- n ,rs »»™-^4 

1 ^ irallcJ "nJ .llTlI^rillrcf SliiMvu ir ' C f 1 ’ A lPCl If- 

WrwuS frfCrC °" CU,VC! ^ “Kbrairt feT^*!, in ’* tt '* a ' i0n “ c ™" a '^ 

Bruflora) iccordingly. Virialions in sccomhTaJ? P '. rC ™ li ' fic °fsecondary 
prpritew,ihLb crtanseof „ M dofX"3^ c,u,,s ,n I™*™ and polv- 
"iay also be studied in this way. *™“ of lMr ™ , l H-bond f wra i B{ ayiiyr 

15.4 Empirical and semieinpirical niles 

wind. L i ■^.vcnTiy !*" ‘^P® d '™™Ph>rc S 

. CSS£S 3 

by (h&r chiraf surroundings, cs> a carfwi i 111 nrt asymmetrically perturbed 

2 ? “*•* The *•£*»ssstinSfaf locs, - Q ' >n ■ 

an.pl,rudesm ORD. and high dX.i e dffliXTr^ ‘° ni ' h ' Eh "»'■«* 
js a range of intermediate asej) a - m CD a P«fia.-Boiii ty pes f[hc „ 

ibeircMrapAi,proper,'° Uie0reti “ ! ^imeit, 
more thoroughly. particularly the carbnnvl a£ ^.however, been investigated — 

products are ketone, ox ^ ^any chin, Mfura , 

{t *“ sewwbiy OH). The carboL £1 ^'ItZ 7 W £ Jnt ° a Jte,0 "' c (vmi ™ 

!”£ 0f which b easily ^ “V Tf* ? 28 °- 3 °° ntn ’ * 

mterfereoce of other chromophofes. Moreover^* an ^. reklt,ve b f toe from the 

*° ncar 290 nni l so ihar enough right is i ^mVrrS?^ 0 " CO f n ™ 11 * low ft- 
measurement of ORD and CD ic uni . rrtl ,. _ . , c ' nMI flI <o j permit easy 

basis hast! been formulated to eorrchie ihc haWnfi wmc lhcorclical 

environment. In Wme of fhc MnpmchJ^T™ ^ ° Uanct[cCl ^ (h ^chinif 
divided into sectors fquadrams,^ Lt*m J?LSIS 7 thC chfDm op'^re is 
symmetry planes of the chromnni m( > ,7.',? 0c(an !fJ b y mcjn ' 1 of the nodal and 
ihe .sign of the Cotton cfTeci ktdfaZ d™2* nbUI, “ ° f 1 Su|K(]tulfnt Awards 
(sector riifcs), If either theSnL^"ll^^ DI1 fa m the sectors 

the other can he detciinmM h y the^ rule,"somr n'°h ^ Ct,mpo,,nd is kno ^ 
stqtief. y ** ri ' frjt ' ■ Somp ««:!* mrea arc discussed in the 

15.4.1 The flKbl halokefone mfe 

n.e .xin, halalcconr ru.c (*«, 3 nd KIjae ,957) fflly be rege^cd „ tte . 



>y ?%.%**«■ 


K *2» *v* —i ' ■"- 

**- 
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KZnSKT' SI - T ,'". 

H* iSTm S2?« i?2 • v bMt) (ta “ 10 ,ht <**rv ef s 

reverec applies to a subsiiuicnt in a f-) sector. Thehabgcn (X) inlhe p^ilrf 




> — B 


' 6 1 ijTV 2 ' 


+ v« CE 


F^ujf 15.5 A i ini fuhilitthiiv fii-t 

struct Lire 15 in I he lower right qti.iilr.ini, a H> srclor ,imf hence the CE is ntMilivc 
fn he en.mlmmencstntelt.re. it w„ul,t h* i„ ,hr low, r left qi^ t | r ,„l. :I f 1 ^ 
sJmwrn^ n Jiegtihvc CJ*. flic amlrihuftin of an mini ( ,-luhiyrn {nevpi t'j ■<■ ihe 
relational strength of the carbonyl chromophore is so high that in most cases, it 
T ™ f a I y OPP 031 "? e^ct of other substituents (thus it may reverse ihe sign of 

. , , urih^n^d parent compound). The absorpiion maxi mum and 

wiiii it also the CD maximum undergo baihochromic shifts (20-30 nm) after mial 
bmmination. An elegant application of (he axial haloketone rule is illustrated in 
the deter mi nation or the absolute configuration of ( - )*/ra/fj-f-clccalonc (Djerassi 
and Staunton 196!)* This enantiomer may correspond to either structure Xla or 
Xfb (R—][) (Figure 15-10). On btomiitation it gives (+)-rrrjfljr-2-broiin0-l- 
decalonc with Hr in the axial positron (as evidenced by IR and UV) which shows a 
strong posiiive CE. Looking ai Ihe two structures Xla and Xlb (R — J3r), it is easy 
lo see Eh.it the first would give a posiiive CE (Br is on Ihe right) and the second a 
negative CE (Dr is on the left), The configure lion of (—J-wraM-I-dccalonc thus 
corresponds to Xla (R = H). 

In another instance, the application of axial haloketone rule proves that the A 
ring of some substituted 2*bromo-3-ketosieroids exists as a boat. Thus the 
kinctically controlled bromination of 2a-methyl-3-chorc$lanoric (XII) (Figure 
15.II) gives a 2-substituted tertiary bromo compound with Br axially oriented 
(spectral evidence) which shows a -ve CE- The normally expected product (Xllf) 
with axial bromine would have a strong +vt Cotton effect (Br is on the right hand 
side if (he chair is held with C—O at the top), The only structure which conforms 

•Pohritjib,lilj rfFii kw whrlr ltiorc of Cl. Br.indl are hifh feoaipawd k, K) 
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fCE * - ve ) 

JS, '° AH ‘ lll,,rert "«' .. . 

R 


rxirt) 


(xni 


\^= 


Bf 
fXIV) 


B4e . neUt ’ KM 

“ “ b "' *”«■ Br d 21^n7p^J ! n " , t 7y l ^" f; */" b ° Bl =°arorou.t;o J1 (B r 

!?/ 0ufih Twist-boat transition slate because nr ? r ?“ bjf n P^ei attack 

Chapter 12 ) and the ini,Lilly form^‘bo^HW hi - ste . nc <**1 of IMe (see 

R'P |o Uic cha,f with equatorial bnwitB^L^ 3 ^' bo4 !^ stnjcIlJre (XIV) dw not 
j^ndtanal interaction and also bv an , m V * S ® dola hflisetJ by Me/Me 
carboflyt gro up and c . Br avourabfe drpoJe-dipofe interaction 

15*4.2 Tltt octant rule 

%> c“t).V«"ri cW^ O ^h c d „ b „ y 0 ^ 0 ^‘“ ?' f‘KI)foroonthtfo, 0 f the 
fipiraoon. In ia simr |„, , ' lh ™"°" c with their aboliuc C0I1 . 

ss*■*» ******** re zt's ? emup 

» , y . Iy . llrf „ rerpectivet^pU' S ? 2 "r 1 ‘’'“"V - *’ B ' c 

anrt £ c ^ CXanone chair and the horirontaJ nJanr v ^ TtlM| P Ii|n<i A bisects 
and the Two attached carbons C 2 w £ #Tt-T B COnEa ™ th c c=o moretv 
the isolated OO ,,<,,,7" c " ^ lh= eymmetry „|^S 

( ' I,e ^ dt ! h '«none noiefy ” oric'Ld 1,C ^ r Vi , dC space into four 

0 ,hc observer as in the axi.il hainfcttnr.r *? * , 1 lh . C ' r Mt ,h e head and closest 

t . - 11 - - £-^=Es ut S 

*The Ifne &r 

PCTPt ” ,i ™'" » “»J"« T the **„ ltoBf „ „ 
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5- 




UR 


- 8 


l?car odonl j 


[I FOfiT Virw) 


llp^f I S.12 Ddfmikn frw ihr irUmi rule 

Contributions of substituent* lying in different sectors towards the sign of ihe 
Colton effect are considered according to ihe to!lowing mlcst 

(0 Substituents lying in the coordinate plurw contribute negligibly* and ire 
usually ignored. 

Of) Substituents lying in the f-h) sectors (UL and LR) make a positive 
contribution and substituents lying in the (—) sectors fUR and T.L) make a 
negative contribution in the CE, This is generally true for substituents which arc 
more polarisable than an H atom. Such substituents conforming to the octant rule 
are termed cansipnate and a very few others, such ns F, which have lower 
polaiisability than H and do not conform to the ocunt rule arc termed dissignaie 
(Klyne and Kirk 1973). 

f Hi) Axial substituents at C-2 and C-6 which arc dose to Ihe chromnphorc 
contribute much more strongly than those situated farther away. Equatorial 
substituents at C-2 and C-6 (the carbon atoms arc numbered in an anticlockwise 
direction; (he actual numbering would depend on Ihe compound under considera¬ 
tion! do not contribute much as they lie in plane H. (This together with the high 
polarisiibility of the halogens Cl, Rr, and 1 explains the axial haloketone rule). 

fry) The Tour quadrants described so far constitute the set or the rear fa way from 
the observer) octants. On the left hand side of the plane C fnot shown), there is 
another set of four front quadrants which are mirror images Of the former. Thus 
substituents lying in them contribute oppositely, i.e,, their contributions to the sign 
of the CE ore exactly opposite to those shown in the diagram. Only rarely is a part 
Of some molecules found in ihe.se quadrants (c.g.,C-l 1.C-12.C-13, C-lG and CM 7 in 
l.diolcstanonc). 

•In fad, Ihe boundary iurfaco defined by It* anliogoiiil plants may t*h. be uriclly accuse w Urn 
suWuiiutnl) tyinp nor Ihe pi inn iomeliiwj belli vr iDdimlousljf, la ■ nfinri nuclei. the ji pltnc C 
sliptilly (ivd in ward llie y aiii lo n eenta'e mitac* (Ufliincr el it I986J, 
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to * '* 1 ' "Wk*. of wnau 

SrRSaaSS^sMaw 

configuration is Jbgwn ih/ cn ” for matroirnIJy mobile molecule rh- k t 

;r^c.iou cf 1I]C r:; Tu c ;;f m r fo :"rr an 

cau^i^’'^ /?COnf ’ |ura|IOn fXV > figure 15*111 ^ 3 ~ me % Jc ^afieiaDon ei known 

k,» sb f n i «i£sss ssrssr * ? 

cfTcci n iup ■ ! hc xinf conformer (XVM wtiuM j- . " ' f3-Me « *■ ihe 

££& ras ~» Sswsfi- 

conformational „ n „ ljs& , »"*<*■""«"« fin .cerd,,** M -,„ ftc <* 



■" F, ' Eur= iss > ®« s ■" 

*""*■ c i rc,c )‘ WOL.IJ thus show a poa-L ™ propy ' * rou P 41 C4S 
*Pf being ntl; but ihe diaxial conformer fXM re^mkr SP ?3S Jra lhc contribution 
WBl “°PTOpyl E^up in a negative sectai fS Q / ftwilhin ^ ito 

C l D Wn, The ob^Ud CD S n ^ and *° U,d show 4 ««* 
men [hone having a preponderant r,F a ‘ P ectra flr c consistent with f—)_ 

P T^loA^h'^' conr ° rn, ' 1[i < 1 " infect™. COnr °™ 3,i0n in 

scejoid one (XVta) "(Xvrhfrr' ° f ?,* .' W0 c0 '' r °™l™c, a 

of Ihc octani rule, ii ij seen that the former should J* We By 1 he application 

m * c n ^ fw *** «■ «. uSTSK smts CE <r D w * 

*™ IJVC Lt(img D being m the positive 
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IX V to) 

I 



(x vibl 

i 

-6 

0 0 5 


9-lj&-4 

A Ht 



-v« CC 


+ *t CE 


Flp'ff IS.H ApplJcaiion of the 

2-dnca]pfit 


cct^nl fnlc st f no id Confcfitulion of 


52S? * * y 11 P”* * *5 pUVe CE *" i 50 has steroid confornunoi 

»tM.liomlly supported by the Get ita. its ORD curve resembles closely that or 
CKl^-steroid. e.g. t coprostan-3-Cfnc. In nil ihe three c^cs, the absolute con 
figura non is accepted as known. 

2. ConnRuratIon,t™fi>I0-Melhy!-2-deailone (XV|J) {Figure 15.15) exists in i 
unique rigid con form at ion. The absolute con figura lion of Hie (+)-enantiame 



(XVII) 



- t + 

t 

■ 

+ ve CE 


Fleurr 13.IS Appficnicw of the win) rate con(T|Qnti«i of 
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2? SSS^nS'l!; w n ^ jmi rui * ^ ji 

[vcdicl n ncjiniirc t'l!. Nif r, * r inniptrnnRjmfatijtn would 

application in mnny'!^^ khw^r ^^ ,CStCd ** ils 

»n£SS !! wS 5 s«sf!s 







placrng the diagonally opfos.it carbon fC-TO> just above O The fem .in * ■ 

arc drawn by following *hc M’.liPtncc 0 r -T fCmaim ^ 

atoms jj in (he UL ocunii ifiefe r m S- Smee the preponderance of 

■ion. "»M „ T‘ Kh:d 10 * P-*™*«* wilh observa< 

15.4.3 lldltity rule 

W,'l m jV° r ! hC „ S ! J n,C , Clfnl '" t or ‘'fOilTcrcnl daiicnls linked by llinu ^n-llncr 
bc lws,Kl the ecu,re! bond .0 give .*0 (a and l) or more scu of 

E£ r^r,“r 7 tr:r u " ,c mi ™ ™*“ 

fipn: IM 7 . Such a system rcprcscnls the simplest chiral um r L An 

* Otk Amu Jeade whether iq proceed lun/nmally or vertically, up or down. 
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A 

^0 



M 


Rgurr 13,17 Twtjtrd chira] forms gf A-C-C-B snlt 

“ "’r nlole<:,,,: "; lev ' 1 is P"»*<l by HO-OH which exists in two gauche 
i.?™ i"" 1 ?™** 1 ® <“ *■ A=B=H) lions (he 0-0 bond In the lolidIdle. 
Many of (he theoretical models me based on ihe genera) rule (hat in such a system, 
" c ’“™ “""J 6 "»hl handed (P) helical path (defined by Ihe sfnma 
^3 „ . n ^ S co “' r ' bul ” (a positive rolalion while an erection 

, B * ,ff ‘ bonded (AO helical palh eomribuies lo negaiive rolalion. This is 
known as ihe he ,on, rule and I, exemplified by a number of conjugated systems 
transitions. Since ihe eh,rain, is inherent in Ihe th.nmnphnrc Ihcse 
po n S 'hn'balc inherently dissymmetrical chmmophorea mcnlioneil earlier. 

I. Conjugated dienes, Depending nn the structural feature ofthc molecule hnih 

nn At helix. The conlnliulion of a chiral skewed diene is so hie I, Mint li u s„all. 
“ "-'tnc'sof oiherehira, ecnlrcs pracicllyaM Zk d".Xra 

nmTa “s ?l v7 •' T m0rc) - T " C hcllci * '" lc “ applied the .owes, 
energy ir-ir transition in dienes around 230-260 nm. Ttic skewed rf.>n« -s^ 

represented by slruclures similar to ihos* in Figure 15.17 fsci a corresponds li a 

C-O^TJvI 1 5*“ ■* •- C-B replaced get C or 

of 2 Sic?« 0f .' h ' , ru ' e bee" P f0ved by 'bn ORD curves of a number 

h!f™«d XV , Uk),mo < XVI ") 'P'k UIC 15.18) derived from steroids, 
e former giving a strong posit,vc CE and the latter a strong negaiive CEt The 

™Ci"4 * mT * ain di ““ ""* 


ct? .ctr rtfr 


IX 


ixvijj 

P-i-cl j 


(xvmi 
jW*i - efi 


rxrxj 

1- from 


fXX) 

At -i-lrofii 


fipire 15.18 Hclipiiy in dicnnind cnonct 

wh^h Sre mLraud 'hv *****?'£ d ‘ Cncs - ,hc helc ™»oni inaTogues of 

wn>dt a« DUmted by a.p- mk.hu rated ketones and (XX) apa fn derive*} 

oh(uJ 5 T ^ J 1,e,r 1 MlC,| y co^POnds to ihm shown in Figure 15 Hb with u 
obtnse dihedral ingle the C- C ird 0= O bonds. ^ CD curve of 
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(X,X) l "«‘™ dm a positive CE f.i - 391 . , u „ 

hcli'cily respectively in the cnonc rfpn " “""mint P and it 

S ™'*' '«* Is each c*. Z ™7 , t 

oppftMie sipris fsec Kirk 1 ™’ 350 nm) Appears wilh 

hepur B ppropria Icly subs I i! u red' if necessary which^rechin'T ^dh h ""’ a "‘ I 

opl.cil rolations fellows the hclicilv nilc > \vl,irh * t i^ byvCryl, ' eh 

Iiclicity arc des.rorota.ory andetc * CE ln dT ‘"J 1 ™' wifll <’ 

M chirality. o give a positive CE and tile reverse for helicencs of 

sts*-- rr ;S=,:!S== 

—Sttfisrjz 

IS.AA Lowe’s rule 

lWraftafE PaCIera ^P* 1 ^ 31 * chiral cenrn: (Brewster 

1959) has been utilised by Lowe (1965) to work oat an empirical™? e for 

“ ”?**** ° f ° PtlCllly aClive allcoc * Thc ^‘ hod insists 
aiis uLJL C ff^ tnC ^ ^ actne lhc mon polarisablc substituent in the vertical 
■ l PP^ T ^^T. If in so doing. the more polarisabte substituent in the horizontal 

ti n ™ T n£h ' 3 docfc,VlSe P°Hem of polirisability results and the 
a lenc is dextrorotatory os niusiraled for compound (XXI) in Figure 1519 which 

order of. few XitoeU. 

meutaKrc"™* scrc * P"“ tra o( polansabilily. All the dissymmetric fungal aline 

rtefe^ofer rtpr '^" by ' hC fot,n " li, XX “ <* = H or Me) thus haw 

“ 8 r" 0n c °7 ,!,led «■. their rotnioas. Provided the group R' 

does not exhibit conformational asymmetry (vide infra). (+J-XX1I will have ihe 5 
configuration nn ( | M-XXII the ft wnfii;uraiinu. * " * 


Cf^ «'H 

,C = CB C' 


cr 




RC = C-C=C 


H*** I — Me 
H 


(XXI) 

J-t+) 

Ct> Ph > C0 2 H > Me > 0u r > H 


>c-< 

fxxrr) 

j-t+) 

fl-(- J 


FlBur* 15.19 Lovrc^j rule for ihe Cfinfirnniiai of Jllrcn 


ue ^ ,, ^' tu,Hj hriknie with *n appnscijU* optica t stability is jvnlatvlicrnc. T«n- 
hdiccns an idurnl m die absence of irpoprilif Substitucnti. 
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If .4.5 Empirical ruf« involving (He benzene chromnphorc 

Next to the carbonyl chromophore, iht benzene ring is perhaps ilic most well 
investigated chromophore but its theoretical treatment is understandably much 
more complex, A few empirical rules have been proposed and used since the time 
of Freudcnheqr. 

\. fienzoate rale. Freudertbcrg f 19331 first show ed that the add plithalatc of a 
secondary alcohol represented by the configuration XXfTUS = small and L — large) 
in Hgure 15.20 is more dextrorotatory than the parent alcohol. Later this phthalate 
rule has been incorporated into the more general benzoate rule fBrewster 1961) 
which is based on the assumption that in the Newman projection of the benzoate 
(XXIV), the plamr benzoyl group because of its high effective bulk Is placed 
between H and S, A clockwise asymmetric screw pattern fS has a higher pntari. 
ability than H) results in increased dextrorotation. The reverse effect lakes place in 
the enantiomeric configuration. This rule which covers Mills* rule (see Chapter 
S) docs not apply In all cases; exceptions occur when I. ts more butky and at the 
same lime more polar tsabk than S end when the carbinyl carbon is flanked by 
two CHi groups, The benzoate rule eventually led tn the benzoate sect nr rule 
(Manilla ami N;ik:irii'ilil)„ 


t 


COAc 


H. 


H“C—OH 


H—C —O—C—Ar 


(tHXXlV) 


Ppn* IS.M The bcnnotlt rule 


2, Benzene (sector) quad rant rule, A s-ubstiiuied benzene has several LTV 
absorption maxima and usually exhibits three Cotton effects in the region 220-200 
nm. The lowest energy transition around 300 nm resulting in the O'baml or 
band has been used by Japanese workers (Kuriynma cl al 1967) to formulate a 
quadrant rule. The subsiituted benzene must have a C; f local symmetry so that the 
elec trie-dipole transition moment (p, in ft*,-)* for the 290 nm band is along the C> 
axis (local) shown in Figure 15 Jtl. The mok'Cutc is so projected that the benzene 
ring is placed in a horizontal plane in front (indicated by thick line) and the resi of 
Iht molecule lies in Ihe four rear quadrants flhe signs indicate the contribution of a 
substituent in each quadrant). The rule is based on the observed ORD and CD 
curves oflycorinc and related compounds of which one example Is given. 

nr-Lyoorcne (XXV) when projected according to Ihe above specification has 
most of its components lying in the lower left rear quandrant (a model is useful), a 
negative sector, and accordingly it should have a negative CE. The experimental 
value of [ 0 ]an at 294 nm is —3070. Other examples will be found in the original 
literature. 

3. Snatzke's sector rules. Benzene derivatives substituted as above have 

■ See J\ 4H-* 
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•pita™ fi^ p ” e °re 1'^ Xo“ nSg of ■ cvc, * l rti ™' 

<*M|» dL tp(w 5 cKie cfcn/ fh 'S- T - acWn,l) ' ,h ' wo " d 

subdivided mio four mle „. n,e w“”“ **> n "S «*•* h« been 

shown m Figure J5.22 fA and m n £“’? d ,b ' !j * ns of e «h quadrant on* 
cjclohe^ne rinp (second sphere)usuS^dnwmSjVh COn f formif ' ori ° r 
sfwctnt, posmve ,n a and negative m B ^IJT, h ! of ,hc ™ CD 
autliciiCic compound (XXVh who* val'dfiy of the rule is j n afl 

f^on « ^ «todi£«3 

observation, The rule finds impomm annKmii* 2 ?° u"" 1 Wh,ch Co "c*J»nds ro 

conjuration or m.iny femqinn Sine a k-,^, V" '' d f er, "™lfpn of absolute 

f 0 " 1 " 01 * '""rked hy nn fl „ 1W ,, “ a ™ fmor ^'"c etc) with ;,n N arnm 3t , he 

[ at wave lenrihj ^ 'j Cl! due., ',/Ct 

band- Further subdivision of the scemre has h rp0Sl c il>!rl f0 < ha * due to the '[* 
Ihc third chiral sphere. Tl JC df a j, nm flhc ^ n ^ ™ E lo * hf!W ^ coninhurion or 

■"** to ,| 1C terra tin mnicly or iT^cr^rr ^ tD ^ inF ^ 1*21 
^on. Yet another segmentation taEESL* T^'* fN af thc ""»«* 
benzene derivatives with chiral centre (s). d ° ** kz rarc of ^onosubsiituKd 



Flmr. If JZ B fflM( *tw rule f.Mog to Sn.i* fi rt * 

Angelisand WMotefljSsf f ° lf0mat,c “^pounds with chiral substituents,see 


4 
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15.4,6 The cirllnn chirality method 

Niriunnklli rinif thmdi (1069) Imve developed mi cm pi mill nirthotl for tin 1 
determination of absolute configuration of 1,2-glycols through the (JL> spectra of 
their dibenzoates (dibenzoate chirality rule)’. The 230 nm band in an ucwubsli UUod 
dibenzoate is due to an intramolecular charge transfer transition in which the 
electric transition moment is approximately parallel to the C-O bond of the ester. 
In the case of vicinal dibenzoates, the two chromophores form a chiral screw 
pattern, either right-handed or Left-handed as shown in the case of 2rr.3tf- 
dibcnzoyloxychotctfano (XXV11) (Figure 15.23). The result of the interaction of 
the two chfoifiophofcs is the splitting of the Colton effect (Davydov splitting) into 
two. Hie first CE appears at 233 nm, the second one at 219 nm. Their intensities 
are the same but their signs are opposite. Hie sign of the first CE (at 233 nm) 
corresponds to the li cl icily rule previously discussed, the right handed screw 
pattern giving a positive CE nnd the left handed one a negative CE (as in XXVII). 
Together they resemble an anomalous ORD curve. The method is applicable to 
benzoates of 1,2-glycols (Oil may be alcoholic or phenolic) or even of 1,2.3-trials 
as in sugar derivatives (for a review, see Ilarada and Nakanishi 1972). Other 
chromophores usually do not interfere in this region, If they do, the position of the 
CE T s may be shifted by appropriate para substitutions (in Bz). The principle holds 
good for any pair of chromophores provided the direction oT the electric moments 
is known. For application to cyclic ] ,2,3-iriols, sec Wicslcr and Nakanishi (19S9), 
and Uzawa ct nl (1990). 



llgiirr I5.Z3 Spill Crttnn elfeets due m iwti hucnwllnfi hrnnwtn 


15,5 Optical rot alion and group polarisabillty * a correlation 


Ever since the 1930‘s, models have been proposed (Drude, Freodenbenf* Bom. 
Kuhn, Kirkwood, Eyring, Whiffen, and others) to provide a theoretical basis of 
optical activity in dissymmetric molecules. In the simplest coocepl, two electrons 

■Tim tins subwjuenity been termed is Itw eiriinn chirality method* It teraili and Natanidii 1971), 
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or electronic systems vibrating in two mutually perpendicular directions, interact 
differently with tire RCF and LCF components of an LP wave (n^ni.) and thus 
give rise to optical rotation. However, attempts to correlate optical rotation on the 
basis of molecular parameters have not yet been very successful*. During 1959- 
1961, Brewster made an approach Tor calculating the sign and magnitude of 
Optical rotation based on two independent contributions, namely, atomic 
asymmetry fconiifuratiori.il contribution} and conformational asymmetry fconfor¬ 
mal ional contribution). Later in 1967, Brewster has modified his ire.itmem of 
conformational asymmetry and succeeded in certain cases to correlate optical 
rotation with polarisibilities of atoms and groups. 

15.5.1 Atomic asymmetry 

Atomic asymmetry refers to a simple chiral centre represented by Cabcd fste 
Figure 15.2-1) in which four groups of different polarisabifitics (and without any 
conformational alternative) are joined to a carbon atom. Such a compound ts 
dextrorotatory if the polarizability order a>b>c>d is clockwise as in A and 
fevoroiamry if (he pofirisability order is anticlockwise as in B when Cubed is 
shown as a Fischer projection wiih groups a and c on the horizontal line (pointing 
to the observer). The polarizability of an atom or group is derived from the atomic 
refraction (Vogel I94B) or the atoms attached to the chiral centre and is in many 
cares determined empirically. The order of pola risibilities of a few common atoms 
and groups are given in Figure J5,? 1 !, The rule is ill ii ret rated with one example, 
^-phenylmeihylcarbinol which corresponds to a right-handed arrangement (A) 
and so is dextrorotatory (it may be argued dint FJi and Oil have conformational 


alternatives}. 




rl's 

rT\ 

Ph 

1 

-Me (bJ 

f\ \ 

a —C—,c 

* 

XV 

H—C —OH = 

Me 

Ph—C—0HU1 

,- W 

A{H) 

Bf-> 

ft 

(FI 


t > Br > 5 H>Cl >CN>Ph> COj>H > M* >NH 2 > 0 H >H >0 > F 

Figure 13.24 Atomic symmetry fBrcnttcf'j rule) 

The contribution of atomic asymmetry to optical rotation is usually low unless 
one or more of the ligands absorb in the near UV region (C=0, Ph etc.). Thus the 
molecular rotation ofcydoheKylmcihylcarbinoJ is only 9° but Ehal of phenyl methyl- 
carbine! is 63°. There is another factor which also contributes to optical rotation in 
compounds where two groups at the chiral centre form a linkage, such as a H- 
bond giving cyclic structures. This is illustrated with the general formulae (C) and 


"Fin of the problem is llm f«Jn really Mipmld from (he lor; wavelength tart of one or several of 
UV GxtOrt effects. 
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502 Stereochemistry 

{D) (Figure 15.25) in which X in oxygen (a* in cr-hydmiy acids) or mlmprn fas in 
at-aromo acids), If n has higher polarisabilily [ban b the configuration <C) would 
contribute to positive rotation and the configuration (D) to negative rotation; these 
contributions should be added lo that due to atomic asymmetry, The latter may act 
in Ihc same direction or in the opposite direction. Thus fMaclic arid (XXVm) 
should, according to atomic asymmetry, be dextrorotatory but -levorotation is 
predicted from the cyclic (H-bondtd) structure (which corresponds to D). As a 
result^fl-tactic acid is wcaldy Icvorotatory ifin wnier) and the sign of fe relation 
changes with the solvent and conccniraiion.* In h mandriic arid (XXIX), both the 
atomic asymmetry and Ihc cyclic structure (as shown) contribute negatively and so 
1 he 1cvorota tion is h igh. 


-OH 


(C).{+) (D) .(-I 

PoEorisabiliFy: o>b 


COoh 

I 

t—c—OH = H0 2 C—C-OH 


A- (XXVI ft) 
£4,]^-3‘(H 2 OI 


VI-/ 

H 
(+) 

COgH >Mt>0H >H 


H — 0 

/ \\ 

COpH 

1 

/'IN 

H- 0 
/ ^ 

0 C—OH 

H— C — OH 

Ph—C—OH —► 

0 c—■ 

A 

T 

Ph 

M 0 '„ 


H Me 


£ 

H' ph 

l-l 


M 

(-> 

ff-tXXVfll) 

/?-(XXtX) 

Ptl>C0 2 H>0H>H 

ff-(XXIX) 


,20 


W] D «-240*(H 2 0J 


Figure 15.25 Cca(i(itnbcinit cnniribuiian due la Ef-boad formation 

15 . 5,2 Conformational asymmetry 

If two or more groups are attiched to a chiral centre through identical atoms as it 
CiH 5 CH{CHj)CiH 7 , Brewster's rule for atomic asymmetry cannot be used since 
the identical atoms will have the same polarizability and no appreciable rotation is 
expected. The contribution (o optical rotation in such molecules is entirely due lo 
Conformational asymmetry which becomes manifest due to conformations I mobility. 
If one considers the Newman nro[edion (XXX) or an unit A-C-C-H (C represents 
carbon) (Figure 15.26) twisted along the C-C bond, it forms a he lien I turn, in this 
case a right-handed one. The length of the helical path is given by the summation 

*lfs esters ind salts ire dextntfoutofy. 
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of the three bond lengths A~C, C-C, and C-B, i.c, fdi +dj 4 dj) which may be 
considered « i spiral homogeneous conductor along which electron moves. To 
this model* is now added a second molecular parameter* namely, the polarisahFlity 
of the bonds Cr A nnd C-U (to be determined by the bond refractions). One can 
calculate the contribution of the helical unit to molecular xotauon. (4) Jor right- 
handed and (—) for left-handed helix, through equation (12) in which IARd 
stands for the sum of refractions of bonds, 

[Atfj*a = 35l X——ifSARn) f 12) 

Wi + ib+d,!' 



Rpitt ISJ* Cflnfowatinnid asymmetry (Iticmirr) 


In a complete conformation, six such helical units exist (see Figure 15.26) and the 
total contribution of a particular conformation (say m) is given by Ihc summation 
of the six individual components: 

faj = |A$]*n — [A^jJnr 4 (A0Vr> *+ [A<£)-r — fA^J fa f]3) 

The molecule itself is a mixture of three conformers whose mole fractions are 
given by nj. nj and nj respectively so that Hi + o; + nj = 1 (due to stcric reason, 
one or the other may be very little populated and igrored) so that the net 
contribution to molecular rotation is given by equation f 14): 

■ 

i [4Jd “ niftfji 4 4 (14) 

Yet another parameter, the refractive index of the solvent fn> in which the 
rotation is measured has to be considered tnd accordingly a correction factor f(n) 
is introduced as defined below; 


rw-fi^£ 

Pn 


(15) 


The actual molecular rotation is thus given by the final expression ; 

[<£ Jl> = Ifn) X (0:fc^Ji + Il:f^]; 4- ) j- j gj 

Tlir iduiion or equation (J6) depends primarily on the solution of equation (12) 
which contains the bond lengths (calculated on thr basis of atomic radii according 
to Panting) nnd ARi. values (inown expcrimeitlnlly or culm fa ted From the nlurnic 
re fine i in aq; following Vogel). Values fur the tin tie fractious of the t'uiifn ruicrs, iii. 
"?< C n d fli nrc cunt puled from conformational analysis (mil easy) and the 
molecular rotation of Hie compound may he determined hnth in sign and 


I 
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magnitude For ready reference, ihe rotational contributions of a number of helical 
units (A-C-C-B) as determined by equation (12j arc given tn Table 15.Z 

Tabtc i$.2 Rotational contrfbullnn of hellcat unil (as XXX). 


A 


Et 

F 

Oil 

NUi 

m, 

« 

Ml 

Hr 

t 


F= H 


154 


F 

OH 

Nth 

CH* 

T59 

225 

297 

347 

TAR 

240 

319 

37(5 


3W 

395 

*5.1 



477 

537 




59ft 


a 

SET 

a t 

1 

365 

480 

483 


39ft 

52S 

531 

775 

47H 

MlM 

MS 

1*60 

566 

700 

707 

957 

m 

7A7 

777 

1037 

677 

61.1 

K71 

mu 


•tHH 

971 

1125 



9HK 

1270 




15711 


(Adapted from V.M. 1‘fltaptfv 1979 in Stfrttrhemi&ry, Mir Publisher*. MtitfOw). 


The method is illustrated with the calculation of the molecular rotation of 2- 
chlorobutane which exists as three conformers, shown in Figure 15.27 with their 
respective mole fractions. The rotational contribution of each helical unit (Tabic 
15-2) is inserted in the corresponding sextant. The computed values have been put 
under each conformed The value of n at 20°C is 1.40 which gives a value of 1.24 
for the correction factor f(n). The calculated value of fd»]ii lurns out to be + 28.2° 
which is in excellent agreement with the maximum value recorded, + 30.IP, One 
good point of this rule that it inapplicable to those chiral molecules which can¬ 
not ordinarily be investigated by OR0 and CD methods (lack of appropriate 
chromophorc}. It gives uncertain results when one of the group is Ph and is not 
applicable to vicinal dibromidts. 


Me Me Me 




— L24 [—17 X 0.17 +73X0,56 —J5 X 0.27] = 28.2° 


Fikupt 15.27 Applballon of Brtwufr 1 * rule 
15.6 Origin of cliirnlUy 

The origin of chiral fly in the earth is one of ihe iikhi intriguing' pru-hlems, yet lo he 
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solved quite satisfactorily. Moreover, it is related to another most fundi menial 
problem, namely, the origin of life (the maior funclion.il bionrafeculcs being 
chiral). Hie lopic is loo complex to be treated in the present discussion in which 
only a brief outline of some of the theories is given. The curlier ones are reviewed 
by Elias (1972) and Ihc recent ones by Mason fJ988) and Bonner fl9fl8). 

Pasteur who first initialed (he con rep I of dissymmetry in organic molecules was 
convinced that some chiral natural forces, perhaps some element in the sunlight or 
a magnetic field, arc responsible for the generation of the fiN chiraJ molecule. His 
initial attempts to influence optical rotation by artificial means, eg. by growing 
crystals in n powerful magnetic field nr by carrying out renetimw in rapidly 
ml a. ting veiscls and even in refli'Lled (mirror imap-cl .sunlight. however, foiled. 
Nevertheless. as will be seen in the sequel, lie was probably right in his belief. 

Fischer during liis diastcrecycledfvc synthesis m ihe sugar series Came out with i 
key and lock principle meaning dial in a chemical rmdion. a sterfc fit between the 
reactants would determine (lie course of Ihe reaction nnd provide a method for 
stereoselective (and era otiose leciive) synthesis. While ihfs is true and generally 
accepted, it cannot explain the formation of Ihc first chiral molcculef?) in nature 
which is necessary for subsequent propagation of chirality through this mechanism- 
A number or theories such as asymmetric catalysis by chiral quartz, asymmetric 
synthesis (or decomposition) by circularly polarised light, stcrenspccific nuioeata lysis 
in complex, systems (Akabori), the accidental formation of a chiral ‘Adam’ 
molecule (Mills), spontaneous resolution, and a few others were advanced most of 
which depend on o chance factor or a high degree of coincidence. 

One observation was very significant in this connection. D-tyrosinc is pre¬ 
ferentially destroyed, with respect to L-tyrosinc, when in alkaline solution of the 
two is exposed to the 0-radiation (which gives rise to circularly polarised ray. 
Bremsstrahlung, when slowed down), ft is known that sunlight at the twilights is 
circularly polarised (to the extern of 0.5%), although the sign is opposite it sunrise 
and sunset so that the overall cfTeci is nil. lo fact, according to the principle of 
parity conservation (Curie 1594. Wigucr t927U the forces of nature of the type 
conceived exist in mirror-image pairs, e.g., a parallel or an ami parallel electric and 
magnetic field generated by n Tight-handed or a Icfl-hancJcd hchrel charge 
displacement, and so nra even-handed on a lime and a spare average, 

Lee and Young (1956) for the first time pointed out that the parity conservation 
rule is violated in the weak nuclear interactions as in ihe 0-decay (emission of a 
^-electron or a /J-poiifmn) of radionuclerdcs f 6L *Co lo hfk) *Co to * Fc). Thf 
electron showed an intrinsic Jeff-handed ness md (he positron an intrinsic right- 
handedness (conaidered in relation to their respective preferred anriparallel and 
parallel modes and the directions of the spin axis md linear momenium) fsee Wu 
et nl 1957). Later in (he unified cleciromngneric ihenry* this eiTccl (together wiih 
another weak neutral curmul interaction involving neutral and charged massive 
bosons) is known ns dectrowcak interaction. The dfdrotfcaJc imcraciion dfs* 
criminntcs l»etween hiiulmg nifi|?y nf Ilif rlivlntiiM? stale (Mnliiwuljf amt tran¬ 
sitional) nf the two enantiomeric forms of a molecule so thnl they differ hy n very 
small imouni of energy, of the order of 10 '* J mol * as in L-pcpiiJes and D- 
pcplides, L-a-amlno adds and D-o-nmino acids (Mason and Tranter J984-S 5). 


Scanned by CamScanner 















) 


506 Stcreochefttisny 

TOEs ronmponds to an excess of about ttf molecules of L-fomis jr she racemate. 
Obviously, this energy (AE t *) is very small and needs amplification, 

Al |'amplification mechanism was suggested ns early ns 1953 (Frank) according 
to which in an open non-equilibrium racemic reaction. each cnnniicmcr auio- 
earalyses its own formation bur inhibits that or its enantiomer from an achiral 
sutislrate living a racemic product. However in such a system, ir ihc substrate 
concentration reaches a critical point, the steady stale is destroyed and (lie reaction 
switches to 2 particular channel favouring cither ihc formation of L nr ihai of it* 
antipode D Tlie dirrrlion depends entirely on rhanrr in ihc starrier of aiw 

c*t mucous fiutor, 'llic r Intro weak iiiirninion nlilioi^.b wcil j-HMiffirir.. 

IhC reliction path towards ihc rurmalion of tin- eiinpy-tiii U itnl .. Jm ,| 

thus might have provided tlic biomolecubr handedness in the pre biotic period. 
Aner words. Lhe self-replication of biomoleculcs takes over and the chirality 
continues to be preserved 1 


15.7 Summary 


i 

1. Linearly polarised (LP) light actually consists of two circularly polarised 
(rigltt-litiiiikil and kfl-hiiiidd) itiys which by viiluc of llwir diiuilijy interact 
differently with a chiral medium. The interaction involves the valence electrons 
which take pari in electronic transition nnd exhibits itself in the form of two 
eliiropEical properties, namely, circular birefringence and circular dicliroisnt which 
means that the chiral medium will have different refractive indices (hence different 
velocities) and different absorption coefficients for the two circularly polarised 
components or the LP light. Optical rotation is also an outcome of these 
phenomena. 

2. The optical rotatory dispersion (ORD) and circular dichroism (CD) curves 
arc obtained by plotting specific or molecular rotation and molecular ellipttcity (or 
differential dichrnic absorption) respectively against the wavelength. They show a 
Colton effect at or near the wavelength of the maximum absorption (UV/virible), 
In principle, an appropriate interpretation or tire Colton effect (its sign and 
magnitude) in terms of the dissymmetric environment of the chromophorc (which 
is responsible for asymmetric perturbation of the electronic transition) should give 
information about the absolute configuration. Thus optical rotation and con¬ 
figuration may be correlated. 


3. Optically active chromophorcs are classified inio two types ; intrinsically 
dissymmetric (biphenyls, helicencs, twisted dienes etc.) and intrinsically symmetric 
but asymmetrically perturbed by chiral environment* (eg., % C—O croup in a 
chiral^ molecule), fire former type show* very high optical rotation and gives 
pmftimcnr ORD and CD spccim. 

d. a number of empirical and semiempineal rules for tire assignment of 
fltaoliitc configuration in n Chiral iTmltvnlr fimu OKI) amt m Mudic* Imvr Iwren 
[or in ill i lied mcKi of which are based on dividing the >|Uuc- nmiuxl Hu- i h mm upbore 

into sectors and aungnintt elm rut IcriMic signs ( I or ) . rm meaning that 

substituents riding m these sectors contribute positively nr negatively to the 
Lotion effect. Of these, the octant rule involving Hie nMin, of a enrlxinyl 
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___ Chapter 16 

Molecular Recognition: Chemical and Stereochemical 

Aspects 


16.1 Introduction 

Molecular recognition is accnccptof fundamental importance in chemislryand biolojty ' 

T I! 1 ’ *'“ cta,ta * 11 >» Pf^cnon in which a ‘rccepio" 

• If molecule (usually large) forms a stable complex wiih one or more 'guest'' 

moIcciilM^alljrsnullJthroughwciiJttusu.iIWUirectionalfotcesworkingwithindif- 

"’ 0k!CUlCS - ^ fonxs “ m P risc "covalent bindings 
3*“ h ^ ro 5 on dcr Wants inicraclions.elccirasaiic interactions. hydro- 

T ? C m ' a ^ Dns -" d irking interactions. For rhese forces 10 

rf he dy ’ ^7 CCCp 'rV < ' US ' pra¥ ‘ dli 3 (a P° cltcI ) lJial niches the size 
.ndshape of the guest (sieoc n.)and the binding sites in host.gticstmolcc.tfcsmusf be 

ekarrur'ra*Th° lr:1,n,3ln ^fn'emanority between the diffcieri subunits (stereo- 
' n . t) - T J ,C component molecules 'recognise 1 each other through die interplay 

system and rut! 1 h”™*' L'™' U,C lcrnl mn,cci,la ' r™S<lilK». It brings order in Die 
system andordcr meanndreronse in entropy. 11« imfiivmirahlecinnKiy clfoctond oilier 

miM n ‘ W I"|— ' “ '"’"ever, more I Iron eon i pen,:, Led by the 

nnneovalem ^ U “ "“*« : •>« ‘"*»i** of 

.'3 nxteole, In addition to the binding sites contains a fuuclinnalily 

which Bcapahlc of reacting widiabondof die guestmolcculcand ifthc liiinsilion stare 

^ lha J 1 P Cfls "»enzymicrMcdcm5 which accounis for Lhcirhighcaulyiic 
aclivny, Tluis Ihe concept of molecular recognition may be utilised to design aopm- 
hou-gucstcombmaiions which can behave a$ artificial enzymes or enzyme models 

haS u Cd . by 1 ’ auEl ’ S (,9W) - Durine decade. a vast amount ef vt 0 , k 

has been done on the hosl-gucsl cticmisiiy, also known as supra,nnlcct,tar chemistry 

major emphasis being bid on the design and evaluation of,synthetic receptors In a f™ 

" U,niCSha, ' !bcC " (,,cr " cd wilh h '£ h fcacliora rale.hlgh sicLoselccUvity 
Sod high catalytic inmover. * The topic is too wist to be treated in a single chapter. A 

ipte output to test “* »«J«ifcn>r. labMnacnaaifunnBl hyoic aioleailcef 
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510 Stereochemistry 


concise account is given stoning with a few relevant biomoleculcs followed by rccem 
development on synthetic receptors and their functions.* 

16.2 Deoxyribonucleic acids (DNAs) 

The importance of molecular recognition is best illustrated with the chemistry and 
functioning of deoxyribonucleic acids (DNAs) which arc giant molecules (mol. wl 10 s 
to 4 x 10» daltons). present primarily in the cell nucleus of living organisms. They ore 
earners of genetic information which controls the growth and division or cells and Js 
responsible for the biosynthesis of proteins and enzymes. 


16J2.1 Structure of deaxyribonud tie add 

Although the DMA molecules vary from organism It) organism, their basic structural 
features arc very much alike (see Lchningcr lyHl.Sirycr iwtH). 

DNAs arc polymers with nucleotides as the repeating units in which 2-tlcoxy-D* 
ribofuranosc la is bonded to a base hy p-glycoside linkage ami to phosphorus ofa 
pluisplutte Kfosi|int C-5/llie Fnnr major hums. picsem in I >M Asiiiit :n Iniiiti! (AKj^iirtni m 
(G) which arc purine tierivalives, cytosine (Q am| thymine ft ) which arc pyrimidine 
derivative*^ figure ]6.1).TIichascsarcliiikcd ihmughihtsiawi] N atoms.'iiu-*i m n in: 
i nh z o 

Ctfj .<i>" 


n Uj a 



lo ,R =H 
I b ,R e OH 


5 '-tnd 


OH 

! * 

HO-P-0*CHz_ 



3 1 - ■ n d 


ho-^-o-ch 2 

& 


H 

\ 

1 m' 

HO-P-O-fiH, 

ir - z - 

o 


DISTA 


H ] . [H 
OH H 


Ffgun l&l Structure of D-rtboFC* I-d wsy-D-riboic, twddt tilJ bases, mclc^dc. md 

detiajribonudeic idd 


Tlwiubjetlhiibccn recocni«d by ilw iwanJ of iNofccl PHi* DJ. Cmm, J.M. Ldm nj^j Cj. 

tatenen. 
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^represents a typical nucleotide; adenosine dcoxyribonticEcoddcor dcnxyadcnosinc' 

5' '-monophosphate abbreviated as d AMP (others are dG MP, dCMP, and dTMP depend- ■ 

ing on the base component). Cleavage of the phosphate linkage gives a nucleoside with 
deoxyribose bonded only to a base* 

Polymerisation of nucleotides tales place by esterification of 3'*OH group of one 
nucleotide with the S'-phosphoryl group or another (under the influence of enzyme 
DNA-polymerase) giving rise to phosphate bridgesand a DNA strand is formed mown 
by structure 3*, The number of nucleotide units in a DMA strand varies from 3.00G Id 
10,00,000. The strand has two terminals, one ending with a phosphate, group at C-J* (5 ,_ 
end) and the other ending with a free Oil group at C-3' (S'-end), The chain propagates 
from the 3 J -end by phosphorylation of 3'-OH along j' 3' direction only. 

At this stage, the difference between DMA and RNA (ribonucleic acid) may be 
pointed out. In RNA. dcosyribosc is replaced by D-ribosc ri> and thymine (T) by uracil 
(V), also a pyrimidine base. RNAsarc much smaller in sire and do not usually have the 
double helical structure described belo w. 


lfi.2.2 Fur H 1 U (ion of double helix 

Tlic detailed structure of DNA Iuls been worked out hy Wiitsim nud Crick (1953) who 
established that a pair of DNA strands coil around a common axis to form a righthanded 
double hcla, often called a duplex. The two strands in the duplex run in opposite 
directions. i.e., their 3 and 5' ends arc oppositely directed as shown in the graphic 
structure (Figure 16.2). The geometry of the duplex is determined by the shape of the 
pemose nng s the disposition of the bases along the strand, and the conformation of the 
phosphate linkage. The helix is2.0nm in diameter and a complete turn is 3.4 nm in length 
containing ten nucleotide units. The two strands arc complementary in each other tod 
molecular recognition is established through (i) hydrogen bonding (cdgc-lo-cdge) 
between specific bass pairs situated in opposite strands and (it) the stacking interactions 
between die hydrophobic heterocyclic bases. The covalent backbones of the DNA 
strands with alternating deoxyribost and negatively charged phosphate groups** arc 
hydrophilic and so directed outwards fxing the surrounding water while ihe bases arc 
stacked inside thcdouble helix away from water with their planes perpendicular to ihe 
axis of the helix. The hydrophobic character common lo them makes a major coniribu- 
uon to the stability of the double helix especially in aqueous medium. 

I li c distance bet wee it the plan es o f two adjaccn t bases in the same strand i s 0.34 nm 
The two antiparaUel DNA strands in a duplex are not identical either in composition or 
™ lMse “ quc "“ buI arc complementary to each other in ihe sense thaiadenlne 

e^AJSS ^ Ul i fmine Cp m toe otoerand so does guanine (G) in one with 
cytosine (p In the other separated by distances which permit formation of twoand three 
hydrogen bonds respectively without any si eric constraint as shown in Figure 16,2(right 
lurnd side) and lymboliscd by A - T and G - C.— The approximate stabilisation 
* MynwriuiiBK r™pnrni. orrsmpiOMAicJin bfl acirfitully Wanted m it 

, " d, ,D ««HS^SS2£S!: 

*« ^ ***£*“ T “ wirtin ^*1 fonu 41 pi IT *nd » t « WelJy pot*, 

rut*modi!orbuG.pbnn E ulif/wiiu W MK n-Cfi«khjiM.p^rin e .OUter mexJr.n t hue 
knownaifJk m Ifa^ucmUucHrin E (S« tlJKtbum andGaJi l9W)j. 
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3.4 nm 


JN. K—I 

H ~yt 

A-T (&40XJ mof f ) 



-2.0 nm 
Dupl#K 


IrOB - UOn m 


Boii pairing 

Fc«r* 16 J. Stlwniiic dupa™ 0 f DNA -liuh | e Wb[ ^ 

16*2-3 Replication of DNA 

* f“f,, 2 ° J ksLirLi w,lJl unwinding of ilic two nUondsof n l>NA dunleji 

J 7T' Eocfc .. . acu o, a template for l« 

rTG^C^ 1 ^^ 1 "7*!i lllc -^ in ^^l , ^n C cs ,a r t l,c n>,. U >rh,cijKi( 

bnl; n ^ nf nv ,a T*" P * *“ « cnctic is preserved. Under the 

influence of DNA-polymerase, magnesium ions, and an RNA (or a DNA) primer- 

7^ 0f SOun:csJ - lhc y -° H of a nucleotide makes a nuclraphilic 
auack on the a phosphorusof a dcoiyribonucJcosidc-5'-pyrophosphate. A new inter- 
nuckoiide linkage is formed with the elimination of free pyjophosjLtc and relca.se of 
approximately SDUmol- o f energy which drives the reaction forward. Asihe polymer 
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V i --- ■ O 

di™.™. si^^^ss?,««*»«^ 

icrand (the left hand pnc in die diagrams) ciVn -1 ?* 1,011 ly 006 of 0,0 ncwIy fwra « 1 
rwidiiiff fork (te dvpitx an JindsSS^lSuSilll^ nt ««Ptcdiy in the direction of [fit 

amd’ which is fu „, coraplcmcnlflry (to! S££Stk?^ ' ,<adi " s 
togetherwi[hihep.i;cntfijl/fnnhir-../ V . " ol . aen ^ cal J * J di the parent strand and 

second daughter strand (right hand ridcortHc °^ iral . d ^ ,cx ^ 

pareni strand as a ictnplaio from die point orhirf^r^u replication iKinffifieother 
teadlngslnmtKdowmlrfcinXXS w a dirccL °" »*e 

f f fcn*d first followedSlSttlTr^ * ^ Th “ ■*« A 
tJicsc pieces known ns Ok;,«iki Jnif’iucni's arc ,. '^! , ’ dl T Cnnlir,UC,: - A1 !l b '"sui£c. 
forming tha d , J' . ' ’““ p h l, ™ J h, *; pl,lCT I'Ytinjmc DNA-Jig^c 

*«* strand, ,hrioft* fL," ^£2? “'il’f*.? SI ™ d : ^*cr with die 
Tlius the Original diijdc* gives iwo new ,p.iol< • C * •di.niksi] wnJ, iIk Marling one. 

Processes com ini ie, Tli hnmt, css of jp ni V <■ ami replication and transcription 

new duple* retains half origiLnl ol^ ^ wmicwLscnmiiirc since each 



Fteui-^ to HqitinitfooQfDN'A dnuWi 


D helix 
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(mRNA) and also in translation by wiii>!i Ui^ - , 

coiDniLsI he an linn tic id sequencerin|, mb .: n ■ '"formation prrwm in i.dtNA 

.0 llie synthesis of " 7 r ™' ■* WM««f UNA 

molccukr recognition, ’ ^ 3 hlJSe ^ormnuon network based on 

16.3 Protoins and enzymes 

taSraaUm *!!^" otoc “ 1 ' 3 f 0011 “«* by which genetic 

feigned “* each 

protein! nrc built froin ibe nine iweniv * °{ ^ C . lr <,IVC,SII) ' of functions, tbc 

fontting fang polypeptide chain (mol wt hfeEftta^OCOo'Ihb " ^ Wlifeinkngc 
primary siructun* of all proteins Thfirttv -r ■ nitons) winch is [lie 

by tl, cam.no 

quaternary structures stabilised bv nr.n-n ,t r M l c 5l -COndn.-y r tertiary, and 
lysLiareafsoprates. b ,CnI fore «- Enzymes, die biological cata- 

16,3.1 S true tune of proteins 

£S£»»" • - Figure U* me as 

isotaciicflp, 214) *(jj) Due \o partialdoubl'd T* ^ poJ/trtcr cha " 1 ]S - 
peptide moiety is I ?" 1 *™***• *= 

dim lions (irans), (iii] The subs [fluents n fthe °” cn,cd ro opposite 

static Interactions which may noi be comrnrih? ^ ^ nS ,ntrotluK and clcctro- 
bcyontl certain JcngiJi, (i v ) pjuaily, the C = n ^rTi w C * ICfl[3cd P Jflllaf conformation 

intm-nnd interchuin hydrogen bond* whirlTifi i t Cr ^ ,fpS arc c,1 P :,hfc of forming 
One such Corforr^oS 

CPllinj-Lhcpoiy J1C ij t j < j cch . |f|| . . * fc ^ a,,rm C 1^60) winch ii: formed by 

LIicJtgruLip?projecting out ward v 71ichixLuStir" * 1 *^ ^ ni ‘' ( V ri ‘ f,IF:i J :,;i,n ,p >wiih 
(complete turn) of die helix it 0 54 mn in fo n t>Vh^l {<f'fi-rr'm c). l£nch coil 

TIk helical shape is netints^" Z'i" 

approximately20 Idmol -1 ofcnenrv form^iJi ™ ,a . J * bond* cjich or 

units away making iS^tmS'riToth^Z" = 0 “ d N ’ H ^ 3.6 

between side chains S-S crass hntc „„!* ■ ■ ^ acU0I1s ^ hydrogen bondings 

bridges) in 6 “T° RC °^ d 

ssr 5 —““^SESs^ssss;^ 

«^8^ re <^ B d. ![ „UK,,u.ii,,or a .wiXSw^™"L7 l,,a ™^ k L ’ 
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2£S^£I! r “ b ?^ in W " tCr Whilc lhc "OrpoLir J.ydmphohic site chain* lie wiihin U)c 
sphere ronTiin^ hyiinipfinhle fmcLen. Tl.e surlhcrs „r n j-Mujfcir M rnlebi ifH, s 

. .. Iwmlr nuuc 

ptUyncpiJilcduiiu.-!, UiCfc uutlx yclnimtlicr level orconrormaUoit.inoi™ as 



R* J . I 

h>n^c^ 

* B H /N* 

f P {f—C* 

. A / ^4 
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(o> 


i 1 r _ 

J' j, 

u IJ W —, 

j V->' 

? 0.54 

ft., / fl ; : »"») 

hX \ /«H i 
TT^ i! , 

t \ Vv h 

" H ® 

! M \ : 

u~c 

^ : ii 

o 

(b) : 


V' 

/ Xr 



(cj 


*W. i« fc —1 dlBia w „ tKlil WltaBlJ1 d . w 

fiJoh»^'7r^n)c™m f L [ P m ,,S T'TJ- "*!' ""***• "™<*lobm ( a 

pcrfccily with r ,UhW " SEJt " fl *M«■»» ** 

n^lu shape and size lo accommodate 1 unfj of herw GrWS ? molecular crevice of just 
O a moieculc, ° a umi of hemc f a Pmsihcuc (troup) a / 0n£ WJth 


16.32 Enr>rnes and catalytic activity 


ven more 
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a complex (ES) wilh the substrate (S> (Michaelis-Mtnicn theory) in a fast and reversible 
step followed by a relatively slow (also reversible) seep in which the ES complex breaks 
down Into ihc product fP) and the enzyme is set Tree, In every enzyme. then: is an active 
sue where the actual reaction takes place either through general uuiMkhc camlysis (It 
groups in proteins may be acidic or lisle) or with the help of prosthetic groups called 
‘cefaclors'. The condors may be inorganic ions (usually mclal cations) or organic 

molcculcsfnonprotcinsJ.bourdloosclyorcovalcntlyiorhccr/yntcs.Organiccoractnrs 

such as %'iunties arc culled ‘cocrt/ymes'. Recognition between jin enzyme and a 
substrate to form the ES complex is established by noncovakn forces. Mom often than 
not. an enzyme is folded into a conformation lo generate n puiiu-| nr pockets in which 
the coi nj )k-ni eii lary sul islraicur its Mill unit His in :im||lx:sustrpiiMcliiimliiiirx‘siilMrjile 

IS brought info close pro* unity and *ij;lu uriemniiim in ihu arlive .vim :uid |I K : it-aclion 
gotM easily. In many cases, the enzyme nr ihu substrate nr bnili have in di\imt ihcir 
relaxed enn for null intis in order in lx-. iuini>|rmi-iM:ny inr:kli nlhn (tixTixi-ilMi-iie lit). 

Dehydrogenation of succinic acid into fumaric acid by succinate dehydrogenase 
provides an example in which the aclivc site consists of a coenzyme, flavin adenine 
dinucleotide (FAD) covalently bonded io ihc enzyme. Two electrophilic pockets as 
shown schematically in Figure 16.5 are created in the enzyme which are so spaced that 
not only the two CO, groups of succinic acid fit in there but the CIL-CH. chain comes 
iniojtix imposition with the reactive group (sciin dotted area) or the coenzyme (R stands 
for the rest of FAD). FAD here acts as an oxidising agent anil abstracts two hydrogens 
(H k and I l,) p from adjacent carbon atoms sicrcosclcc lively (Irons elimination) to give 
fumaric acid and FADH, without a trace of maleic acid, A similar oxidation - reduction 
process carried out by yeast alcohol dehydrogenase with NAD-NADH acting as the 
coenzyme system has been discussed before (p. 131). 



k’fcurr U-5 S**Ocin*j lUiydiiiytenitkd nhl I l.ivin Kknii ■- duim In ( hlr 
Thft four methylene (Haunt form Iwq icU of tnanflioUjpac ligank. 


Scanned by CamScanner 








Molecular Rtcogn (firm: Chemical and Sfcrcochemiral Aspects 517 

In thoa Went ymic richyilrogcnjiiiw.ifothcrdicarlxnylEc acids of approx imaidy 
Ksamcazc such as maTnim: acid and malic acid arc added. Ilw reaction. is inhibited, 
These inhibitors compcic wiili succinic acid in ilic formation of complex wiih the 
cnxynto butlhcmsclvcs are ms ilchyilmgeiMlkd. Hi./.ymic inhihilimnlM, worts mi the 
jmnciplc of inidttular rrcii}<iiitJon and very often ihc nainm of die inhiliihvs gives 
valuable into mall chi rcEjmllnj; Uic acli vc siiis of an cn/y me, 

Another aspect n f enzyme react kins is wnnli mentioning. Inamulllciixyme reaction 
sysitm such asa mcLiltt die process, me cn/y me (usually the first in the sequence) serves 
as pacemaker . i.c.Jl regii] ales live overall reaction rale (a regulatory crizy inc) accord mg 
la the need of the system. These regulatory enzymes haw at least one more site (an 
allosteric site) other than the active site which can be modulated by a modulator {usually 
one of the metabolites) or effector thereby sending a signal to Lhc active site to adjust its 
catalytic activity. For example. 2, S-dipliosphoglycerate (DPG) rcducis the affinity for 
O, i i hetnog lohi n being itse If bou nd (usi tally nonce valently) ai a di fie ten t s it c. In a sense, 
the effect is analogous to conformational transmission (p. 32G). 

1633 Affinity chroman(graphj 

Affinity chrmtiaiognphy Ls a very simple yet very powerful technique for die purifica¬ 
tion of a protein or an enzyme which also works on llic principle of molecular 
recognition. Some proteins have special affinity for specific chemical groups to which 
they can be bound by nonco va lent fortes. For ex ample „ when a crude ex imc t of the plant 
protein concanavnlin A is passed through a column of polymer beads covalently linked 
with D-glucose, dre protein remains bound on Lie column and can be purified by washing 
with it suitable solvent. The protein may be subsequently eluted in pure form bypassing 
a concentrated (aqueous) solution or glucose, 

16.4 Synthetic molecular receptors 

Ptdersen (1567) firel introduced the concept of molecular recognition in abiotic 
.chemistiy wi th his pioneer ing work on crown cihcrs which arc found to bindalkali m ctal 
ions to form highly structured complexes. Subsequently. Lchn, Cram, and others 
synthesized n Large variety of mucrocyclic polycthcrs, monocyclic and polycyclic, and 
studied their complex-forming ability. A new field thus emerged which hascrcated great 
interest In both aendemie and imtu stria! world. Cram calls it 'liiist-gucst' die misiry while 
Lclin (1988) caTls it ’.supra molecular* chemistry which is the chemistry of nonco vj lent 
inter molecular forces that bind two or more molecules leading tn ’supcrmolcculcs*. 
All hough some of the terms are familiar, it is better io start with Hie ir precise defi nil inns 
and a few basic principles. 

Cram (1933) has defined host and guest as follows: the host is any molecule or ion 
whose binding sites converge in the complex while the guest is any molecule or ion 
whose binding sites diverge. The molecular complex or su pc molecule is a highly 
structured assembly of host and guest molecules complementing each other both 
sterica I ly and stcrcnclecironica! Ly through mu I Liple contact points on common surfaces. 
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The stability of the complex is expressed by the association constant K a (M* 1 ) or AG* 
(ki mol 1 ) or its formation** The stability depends on two principles; principle of preor¬ 
ganisation and principle of complementarity or structural recognition* According uj the 
first, die more highly hosts and guests are organised for binding and for low solvation 
prior to their combi nation* the more stable arc their complexes. IT the hosts ami guests 
Sire not preorganised, they have to be made so during complcxalinn*** Tire principle of 
complementarity orstruc I ural recognition requires tluti the guest iiiustbceccoinmodnlcd 
in the cavity or cavities formed in the host nicely nnd binding sites must function 
cooperatively i These principles will he discussal in due course, 

'I he synthetic rcce[urjrs are so varied in their sin Muni lentliics dot systematic 
classification is possible. Nevertheless* an arbitrary classification based on gross 
structural types has been adopted in this text for the sake ofconvenience. They arc not 
presented in a chronological order; those which resemble the biomolccuks in their 
complex-forming property, arc discussed first. 


16.4.1 Receptors, with molecular cleft 


A large number of receptors have been designed which tire provided with molecular 
clefts (fissure $/pits) having convergent fundi onatilies such as COJ1, Ol I, NH, or metal 
ion empty orbitals around the clefts. A lew examples arc given below, 

(a) Receptors derived from Kemp's triacid. Rchek and coworkers (see Rebek 
L990) have used Kemp's triacid 4 io synthesise a number ofrcceptors such as 6 (Figure 
16.6) in which two carboxyl groups are constrained in a convergent conformation 
imitating die active sites of enzymes* lycozjmtcand aspartic proleinascs. Some charac¬ 
teristics of these receptors arc: the equatorial Me groups in Kemp's triacid make Ihc 
system near anancomeric and also prevent any possible epimcrisaiion. The dbmi- 
noacridinc moiety (or similar groups) acts ns a rigid spacer regulating the width or the 
cleft. Finally* the methyl substituents in the acridine ring S prevent free rotation around 
ary l-N bond and hold the two Kcmp‘s acid residues in stable convergent conformations 
Two other diastcncomeric conformations, a divergent one and an 'in-out' one are 
possible "" The carboxyl groups in 6 are fully prcorganised for complication and 
convex molecules such as diaiabicyelncclane (DADCO) 7. quinoxalineS. and similar 
molecules can fit in nicely giving very stable complexes with the formation of 
intermolecularhydrogen bondings. That preorganisation increases the complex stability 


l, + C vf^ H.O;x>|ILG.VEU)IQl- k/k<i -40**. RTtuJr, 

^^flJvipKdcfcimtwd fnm NMIt I.. wHcl. «[„.«»« * 

! 4 Wr-.. «•«'«■ ->>- »■"-«...—js.TJiiM 

-.. 

*** Tlw nirthyl Emipt htrt exen what may 1m called in ilioncik effed. 


*W 


Scanned by CamScanner 






) 


Molecular Recognition: Chemical and Stereochemical Aspects 519 

is demonstrated by the fact that ihe ratio of K/sof the complexes with DAB CO m the 

1 T ^IT ??," **“? CC 0f *" lwn °' Mc ® roi1 ^ in 6 * 1:2 ' * cnrtcfiponding tg an 
cmhalpy difference or 6 kJ mot '. These receptors arc capable of bbUte Ml 

^ebcU987} fiCti ^ ** ° CidS ' hctcrocyclic nmincs - ^ dtketopiperazincs 





Ma 


ITijuf* U,A Keeton derived fiont Kcmp'i uiadil 

- k T Ilc f unc ti oldies of these cleft! Eke receptors have been utilised by 

RtbeJe group In ranging out reactions which require general acid-base catalysis. Thus 
U^e glycoaidchyde dimer which His in the cleft nicely giving the complex 9 ^ergoes 
hydrolytic cleavage into two monomers withtii minutes (Wolfe et al 1988) The 
divergent diacid (a diastereomer of 6), on Die other hand, shows very poor efficiency 

„ITT ?. UuAmtni ^« ena| wl iIk cartioxy 1 groups can react on the substrate from 
perpendicular titrations or the carboxylic acid itself could act in the manner of a 

lion^f a ™]yt“ 1 (Rd * k 199<W -» mer B c' 0 r molecular recogni- 

. ™ e *^d-baac caialytlc bchaviourof Hie conversing CO,H gimps and ihe aoidine 

T C ? “ cd . cn ““ eretangc (through (nolisation) in 

qumuclidinonc u hLeh also fitsin thcclcfi giving thccomplcx J O.Thc idea I arrangement 
or acid base components in a concerted cnolisaiion involves their approach Iran 
perpendicular directions (siercoclocuonic factors) which is maintained in die complex 

Fi!?* ntC '* CDC1 = ™ nlcd wi * D i°* e ^ntely fast Addition of 
DABCO which forms a very stable complex with 6 effectively inhibits die cxchann 

The system tltns behaves as an artificial enzyme: it shows saturation, turnover, and 

ccmpunivG mhlblL,0 ° wWch ** charac[eri sii^ of an enzyme reaction (Wolfe et aL 
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520 Stereochemistry 

Siiil another series of receptors have been designed by Rebek group (see Rebek 
1990) from Kemp's iriacid which simulate, the interactions present in die nucleic acid 
components and also demonstrate dial base-pairing can enhance acyl transfer(Tjivikua 
cl at. 1990), Two of the carboxylic groups of Kemp’s acid are engaged in an inode ring 
and the third is amid i fled to give anew receptor as shown in 1 L*Thispro vidcs molecular 
surface to which an adenine derivative may be bound by hydrogen bonds giving the 
complex 11 (Figure 16.7). In addition to hydrogen bondings which amount approxi¬ 
mately lo 9.0 kj mol *, there arc also aryl-aryl stacking (n-siacting) tnicmcLiorts of 
approximately 5 Id mol * of energy. The stacking interactions are reduced ns the aryl 
group is changed from amhracyl to naphthyl, naphthyl to phenyl, and phenyl to methyl 
by approximately 1J kJ mol' 1 in each successive step. Geometric considerations 
ind icatc that the slack i ng i ntcrac lions arc face- to- face rather than edge* to- face lype. Th is 
base-pairing feature has next been utilised in on acyl transfer reactions as shown in ihc 
Structures 12 to 13* The produce is a Iran* nmidc (sec the dotted circle). That |hc bare- 
pairing assists the acyl transfer (in acaialytrc manner) is demonstrated by replacing II 
of the imide N by Me which prevents base pairing and the rale of the coupling drops by 
a factor of six* 


nh? 




i I 0 

H H 


Ml ' 


"M* 


Ml 


M* 


Ml 


Ml 


II 


IZ 


13 


Figure ltf -7 Qisc-futTipic arel acyl UvuTer in rynlhclic receptor 

By replacing the phenyl ting in 12 by naphthyl (a longer spacer), the same template 
behaviour through base-pairing is observed but now instead of a transamidc.aeis amide 
is formed (geometric consideration). The cis amide can relax to ihc leans amide by a 
'jackknire* motion straightening the folded structure and exposing the hydrogen- 
bonding surface once again. This restarts the base-pairing and dimerisatton occurs with 
self-replication (Rebek 1990). 

• In nwit torei. ihc receptor structures i/c shown In ihc compkiei. them'dvei. 
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- Cl “? il£ ® ™xplon arc shown in figure 16.8; one 14 is derived from 
Kemp g jrfrad unitfc wiUi a naphthyl diamine spacer (Rebc k 1990) and the other 15 is 
ed from 5.1 kmc[hano[b, f) -11, 5Jdibenzodiazocme> In die latter, the conve^tm 
at f r ^cnrboayl proiips (like binding slic.s) is mninttiirial by ihoTi^cr 

rurnl 5lraI, B completes wilJiatlcninc (as 

shown), adenosine, deJOTyadenosine, anti biotin. 


I 


i 


l 


FIktmt I GJi IVkifoLiilif tirfllika nxtpm fi n juIcniiH 

h .^7T d ^“ ,GCuLlf cIcAs - A few iwo-dimensioiul molecular clefts 
have been designed which form stable completes with flat subsuaies. They have 
ercsocm moon-duped etefis with convergent functionalities On both sides Jn the 
rcttplar 16 (Kelly ,„u M aE y« [987). J,c S li S hl e „™« in ZzZ“Z , L '" r £ 
nngs IS maintained by the central cycJopcmutlicncunil (Figure 16.9). t[ is a very good 
receptor for uric uciil lype of molecules which Art held inside ihc curvn|uitt by four 
i ,IC JiCCOmJ . l ^ e tT icpresenbc a twisted potywa cleft (Kdly-Rowlcy 
ClP . 99 1) which htu preordained ant I convergent hydrogen-kind do nnrs complemen¬ 
tary io d i vergent 1,3-tlJkewetwlutcs as show u in comptaai ion with 1J -cydohexaned i - 



J6 : fi * n-CfjIK^j 

K -“CH a CH a CPh s 



Fltmx tti.^Two-dlaieruiaul molECukrcIcTa 
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designed (MedinTudL ‘ TOUpofcIcmikc n^plors havcbccn 

functionalities form the cldVby * Uh WP** 

agents for small molecules an/apnear to have Wh V** SCfVC 35 COm P lc * in £ 
in ferrocene is quite low so that nrtinriran ( ,■ ^ f h u ^J £nLiallty T ^ cr0Uli 0fia]bamcr 
bottom rings by an 'atomic ball bearing’ 1 ^ 0 lhe ^ un[::i0nal S rou ps by rotating the 

E o ncral type in^ich "I fcwtS r y - “ ™“ - 

hand "* ofu « «■*■» Along wio. somc jsssx *,S3 on u,c ri8hi 



16.10 ttaxpkw* hunt til 


li» tv-oncarly parallel aonuuic cleft walls is w^iJ^ly 06 0 s ™ k T" 
optimal for an aromatic Hnc>nf *1 ^ . D c y u t> " 0lB nm w bich is 

pentagonal bipyramidai cowdinaion with the two oxlgensNl-"*' ? ti<m P r ' rcrea 
vnth the four coordination site (twophcnolated oayg^andto ^’"ni££ 



T '-- i-tw^wjen nctpion 

^!^ n clk 4,10 **"* <hns ' ,Eh lri ™ lh yfc« 
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lrt4 + 2 Molecular tweezer* 

ti , „ _ ,. - wn -ct>raci^J oriental ton pH wo 

Synthetic rectors in which a rfjt’d ^jV^f rtiri■ :iI jV liiiesn I»y ar-i«mcH f 'J> 

iirtuiru)Iic rinil- 1 :C(THiiII|M LJcf! rJrni t™ ,,J "'" ' f (v J a . vlU7 c. They me first reported by 

felccirun-.. a« ea !^" |f j 3 , , e rr^liv^l]c,hfiicricfinc i sfoo 

Zimmerman and w*»fkc«- Jtf 21 < f ^ ^* 



Ffcure 

spacer ho Wing two acridine ring systems with their planes parallel separated by a 
distance of nearly 0.72 am, ideal for sandwiching an aromatic ring (Zimmerman ci al. 
1537,1989). The acridine units in 21 show remarkable coopcraiivity in compilation 
with 2,4,7'irinttroOuorcnonc, Further ramifieaii or! oTthc tweezers includes Incorpora¬ 
tion ofanannulatcdicrpyridiric in the spacer as in 22 which ligates with a rnctaJ and the 
vacant coordination site of the metal can converge on the binding cleft increasing the 
affinity for coordinating an aroma tie guest. Finally, incorporation of a carboxyl, methyl 
carboxy Lite, or nitrile group antic active site ns in 22 provides, additionally, hydrogen- 
bonding interactions (such interactions are markedly improved in a microenvironment 
where solvent molecules have no entry). Tliesc tweezers arc found to good binding 
agents few nucleotides > 10* M '), studied for 9-propyl adenine (as shown in 23). 
E-Sandwiching and hydrogen bonding to a single edge of an adenine thus result in an 
ex reptilian fly strong binding affinity. Thescnoiiinacriocyclic receptors have one distinct 
iidvanugcovcrrhecrr^eilsheircyclnphanes in f lie ir ability loliiniljiueiisiil on restricted 
length (MocZimmcniuiriet at. JWI fora review). 


Ifi.4 J It t rep tors with multiple Jiydrucen-Ixmdlng sites 

Qu i te a few molecu Far receptors work with multiple hydrogen-bondtogsites as the prime 
cognition element. In addition to a fcwclcftlikc receptors previously discussed, some 
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524 Stereochemistry * 

macrocyclic receptors, particularly those designed by l I:tmi I ion's group* are discussed 
under this category. They have a circular cavity provide with a number of hydrogen- 
bonding sites converging towards the centre. Guests having multiple complementary 
by drogen -bond i n g such as barbitura tes 24 (Figure 16. V 3). urea derivatives (ncy c Vic 

or eye lie). uric acid, and nucleic acid bases form siren g complexes with die sc rec cptors. 

They have aromatic and hcicroaromaiic rings joined through amide or ether linkages in 
a circular array which is not exactly prcorgani.sed but the aromatic rings confer some 
deg toe or rigidity. Barbiturates arc clinical drugs while urea and uric acid arc cxc ratable 
metabolites. Availability of selective binders lor these molecules may liopcfully help to 
develop chemical sensors based on membrane-bound receptors. A few such receptors 
arc discussed below (for reviews, see Hamilton 1990,1991). 



Figure 11 ti Rwepiofi for tmrbilurUci 

(a) Receptors for barbiuiratcs. B arbituralcs 24 have as many as eight potential sites 
for hydrogen-bond formation: sixIoncpairconC-O and a pair or N-H groups. Suitable 
receptors containing % 6-diammopyridine units joined by an isnphihnloyl spacer at the 
lop and n second spacer X (as defined by 26) at the bottom have been designed els shown 
in the general formula IS which possess a ctmstmincd inaciocydie framework with n 
cavity. The cavity has six hydmgcrobonding sites as seen in the complex with barbitu¬ 
rates, Tlic function or the splicers is twofold: Hi prevent col 1;t|wing die structures by 
in uamoleeiilnr hydrogen bonds and in regulate the si/eorvliecuvny l he Spacer X may 
even serve y mini purpo.se by providing addiiiuuiil Interact lot is withS.S.MilKittiKmw m 
barbiturates These receptors form strong complexes with barbiturates with Rvalues 
ranging from IG 1 to 10' M 1 (Chang cl aL 1991). Precise structural details of the recog¬ 
nition process have been worked out from X-ray crystallography. Tlic barbiturate rmg 
is not exactly coplanar wiih the macrocyde but makes an angle or 27° to the pyndtne 

^ fb) Receptors for urea* Crown ethers do not bind urea strongly* Reinltoudl and 
coworkers (van Smveren et al. 1988) have devised in acroc ye lie crown ethers corn, n mg 
an acidic ftmciion swell as CO^I for increasing the bmthng strength through 
the formation of additional hydrogen bonds as seen in the urea temples 27 
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(Figure 16. M) ; ^cic«picrhcre is 2-carbo*yM, >*y[y]-3teniwii.9 and ihecomple* 
has ^ value of 2J x in CDCi,. The open-ended nseepior 2£ a modi fiction of 

25 ronnsa sull stronger comply wiih urea (*,= 1 .6 x ]0*M^). Roceptore For uric acids 
have olready been discussed (16 in Figure J6 p) 



Figure I £.14 Rttcpton for urrj zrnl Ihy mines 

(c) Receptor; for thymines. Hamilton and van Eflfiai (1937) have imroduced in 
addition to multrplc hydrogcii-bonding siics in receptors as above, le-stadcing imerae- 
nns to provide tetter recognition of planar heterocyclic nucleotide bases such as 
? nCSuchfCCc P lori 32? which binds J -buiy lihymincfiivipEihe 
cSll™ ^ M k TOgcn 601x45 31x1 one «< of ir-stacting interactions. X^y 

2$*^ UHl Ac " a ’’ hUlale « ™S “ m^U K> Utc % „ ino ring J 


16,4.4 Macrocydic polyethers 

** ' l ^ DtIuClion Q ^ cro r ^“^"“tion completing agents by Pedersen (1967J 
Sjj has been great ocuv.iy in this field. With the ir structure] plasticity and multiple 

to^b^|!Tr l,1C nUtfnC3PC . ,lC Mjwihcrsprovide imere.siiny. receptors not only forruml 

. a LsiirurnrgaiiH: cahuiu,. neutral mofcculc* 1 >nd(if[pmcfinMKi&Tlrewsu™am^ 

cculcs are tliaractenxol by die preserve of ciifuiced cavities nf variable shtfs round 
winch lire •irbiral* nf lltufiiired dcclflUi (tun iifni^en (nr ( .fIht sJ create n 
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lipophilic miciocn viront ncn i cITicic nUy protected from sol vein niulcctdcs. L-xccptliig a 
few iwcHlimcnsional crown ethers, the majority or them are preorganised or 
semipreorgan] scd. A Few typical members arc discussed hereby way ofin traduction imo 
Ibis vast and complex. host-guest chemistry. A recoil review is available: An, Bradshaw, 
and Izau 1992; also see Gokd (1991) and l.lnduy ( 19S9). 

(a) S phe rant is, c r y plain! s, and analogues. The siructurrsof a few macro mono-anti 
blfcyclic polycthcrx along with an ac yd icntuluguc arcs! town In llgm-c |fs,l3. Acyclc 
polycdicrs arc known as podards.e.j-..^ I and iiiacroinonoejdie polycthcrc modified liy 
substituents, c.j„ 32 arc called coiantls. They arc not prcorganiscil. Fully organised 
cyclic polyethers arc called sphcnuids, q,g,,33 which lus art enforced spherical cavity 
(hence the name) around which the six oxygen atoms are arranged octahedral]y. 
Macrobtcydic polyeihcrs, c.g. t 34 arc called cryptands while others wiLh mixed 
stniclimcs arc culled crypmsphcrouds, c.g„ 3S and hcmisphcrrinds, e.g„ 36 all of which 
arc partially prcorgamsed. These polycilicrs form strong complexes w ith alkali metal 
ions selectively which being soluble in organic medium behave as iouophorcs.* Tlic 
resulting complexes arc called podapkxcs, complexes, sphcrapltxes, cryptaplexcs, 
crypiasplicraplexes, and hem i sphere plexes respectively, Tlie principle of preorganisa* 




tut* 

35 Cryplotphtfslftd 


l ijjHrr HS-15 RccrfiirarS derived (mm |x4yetfitfs 


* arc pslytthofi, poty titan, and |?uly jrmdcs u±u jJ I y arranged in mukziryrydti jjvJ luve iJv 

Cecily 14 bind mcCal iofll «*J Cnuisport them Ibtiu^hbauli^ial or ulLfid^l memfcmnci. 
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while the ratio of A' valacifor w/a'id^^'^'V* lfc ' ,lullslra lcil by tire fact Uni 
andNo*binding33 is 10“ that forte- 

rccogniiionififTcni Ity n fwinror in" I lU. wriCr T Icvtr “ d " cc "‘> n - IC .structural . 

ion, ia ,o, 0 ^X* P """“to. »r *m 

P-jSSKjS^mlS^* r f." 5 ° f 1 “ i0 “ fl » ** btsnpmonatcd 
UKiypland (TlfiiJJc lfi.16) which has an cUipsoid cnviiy binds the linear 



Meur* l&l* („> An Bni^rtJin-CT^rtjrhl flt) CrtlkKI-tmioncoliikfrtp 4) 

i n which d ^ fj*f l^imSi'ir t ' * hi | lf i' '' <1J: of 1 lf>n ' C wic " (Lc hn 19 
clccifOskUic Itwcci. T7ii-e it: hk^i * ,JI W 1 | (l lirni I'^'dri an ariiooic species fey 
inioreflioj cminple. IIil opiic ;l i/nai“c"y,«'|!|■ | 1 ^ tio"-anian pairs, in u> 

b, btad,„ g ^^L^hci^^cr^^ 1 ! 1 " “ ,orni a r a "°-^ «** 

and partial resolution lias been ohservoi h '^ IJS * 3 nSC ° fch ' ra * rcC[ ^niiion also 
(Un «aL mSj JaSbC ' ll0bSCm:d ^«"P» a bulk Lqu id membrane 

boil, spherical iln d iciralJ^l LoJZCh' h?'“"“"f"™ are capable of 
(Hsure I S.I7) has proved to be a Sfc 5> '" n ” :[riC:l1 3<typlond 39 

™ W Lite? than “ j£5£?j£‘T/'ff 

unproumaicd rnmi fscc jm n r L . . ^ JCCI|VC lor Nil/ m Ils 

coraers of a teSed™ ^ ^^/^ b, ' d f Ch f J ■ ito four 

aaa= 5 5 S 55 s 5 Sg 

* W,««PI0 ™*W. r„ a™*** ^ 
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spherical shape, ihc macrotdcyclic poly« lhci5 hav ° been p« parcil In other shapes such 
Sbasket,suitcase, cylinder, folder. andmhcni{sec Antlal. 1952). They farm Inclusion 
complexes usually with small neutral molecules such as ethanol, icinihytlmfuran.and 

dimethyl sulphoxidc. 



Figure 16,11 A Kghly symmetrical eypi^nd ree* jiinr 

(c) Cav Lia n As and carccratids. The name eavi land has been designs ic d by Cram for 
synthetic receptors LbuL contain enforced (ihiccdimcnstal) cavity orcavit.es large 

enough loembmcesimpIcmolocutesorions-Thcyarealsocnllfflninlccutaf vessels, k 

previously discussed spherands am avitaods- A typical envimnd is shown by structure 
42 in Figure 1 6. 18 which has a bowl-shaped cavity with die bowl standing on four methyl 
■lees’ The depth of ihc cavity depends on the substituents R. Such caviiands form 
Jiupkws (Crimes) with S0,.CT1,CN. 011,0,. *nd CHO, 
sticking out. For some recent work, see Cram and coworkcrs tCrem ct al. 1992. Judree 

and Cram 1991)* *-—*^11 

The two hemispherical caviionds 43 and 44 have been made to undergo sh cJ - 

closure through CH^S-CH, bridges so that a ‘molecular cell' or carcerend ( career in 


B 



4 2 j R = M ■ 

43 j n -ciuc! 

44 : R = CH*SH 



45 


Fleur* It.IS Ca^iund *nd ureeruid 


> nnc rnmhlna ntll'il 



i» 1 
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J^linniciiiinprjHiii.) ijjfurmiTt (fVrmn’1 :il. JUNK). 'Pm ink'riuriprifk^nmiciNliJp'JiibFeCcll 
id Lfjc (yrcciiiiiil<)S is completely iKtiJuteU niul iJil: inside microenvironment cruics in 
own laboratory where new chemistry may be brewed. As yet. the interior is large enough 
iq be occupied by small molecules from die medium of synthesis such us teirahydrofu- 
ran, dimeihyJnu Iphoxido. argon, and' CsCl. The earccranris may be potential vehicle for 
slew-release deliver of drugs ami pesticides in future. Water can permeate through the 
portals of die rims. Carcerands have some superficial resemblance to fuller? nos. 

(d) Macropol ycyelk cry ptopha neat. Tlic namcciypiopha nc was orig inal ly g i ven to 
molecules made of two cydotrivcruiylcnc (CTV) units (see structure 46 in 
figure 16.19)Joined through three (polyether) bridges. They possess single spherical 


I * 



tCI 

NMt; 


47 


Hpirr lfi.19 A cr^|iii^lurt ^ui i eyeing vine 


and almost rigid (prenrg.inrscil) lipophilic envity :md belong to the general class of 
CimLnnds (for it review, see Collet 1987), The si/c of the cavity depends nn the length 
of the bridges which arc so far identical, as also nn iJic freon format Inns. Cryptnpluinc- 
C4fi is n typical CfV-lvwciJ try p topi liiic which tin ms it 1:1 iciLlirimn complex wilh 
Cl 1,0,* It is chiral {C, symmetry) and forms diasiereoiiicric inclusion complexes with 
CIlFCJBr which sliow stability constants different enough (0.22 versus 0.30 M' 1 ) to 
permit separation of the fast cxclunge averaged resonances of the two enantiomers and 
provide a method for the determination of cc% in partially resolved CHFCIBr. If the 
aromatic rings of the two caps arc substituted (bridges remaining identical), isomeric 
cryptophancs such as anti, syn, in-out, and in-in having different symmetry result (see 
Collet 1987). 

16.43 Cyctaptiancs 

Cyclophaties form a class of versatile syndic tie receptors in which aromatic rings are 
he Id pond Id to each other in macrocytl ic siruc tu res forming bos I ike ca v it its (Diccfcrich 
1990). Two general lypes arc described here. 


i 
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{a) CydophJJits wiUi diphcnylmcthanc uniLs. Two diphenyl methane units art 
joined Tfom both sides by Uioxaalkimc chains as in 47 (Figure 16.19) forming a 
rectangular box I ike cavity rii<i|*il by the four ;imm:iiir rm>'„s<u-r die ditih-d imcx).'! \«- 
aromatic rings imparl a high degree ot rlgiilily.UmdHiKiialkancdiiuiis legulaii; the si/e 
of the cavity .and binding Torets are provided hytt-suteki ng interactions. I lie tiunlcnuiry 
a mm onj n ai cations simmcd Tar Imm (lie lipophilic pviiy make die receptors water 
soluble. yi-Xylcnc, /vdicyanohcn/cnc, /r-dinminobciizcric, III hi ;>-i! i nil n then/cue are 
some nfilic pucsLmnlccnlcs. One of die diphenyl met Itane units mny l«- rrplaml by j 
chirul 1,1-bitiaphibyl moiety making die receptors capable of chiral recognition 
(DLcdcrich 1990), 

(b) Cyclophancs based on mctalloporphyrins, In these receptors, two nimllopor- 
phyrins such as 49 (Figure 16.20) arc incorporated i n. n i ac me y c He ring s w i t j 11 hei r pi a ncs 




FlKia f4 L 6,30 Cyd oph-TC based on mci^Ikipniphy rins 

parallel and separated by appropriate spacers as in 48. The receptors have two binding 
sites, the vacant orbitals of nthtikt.e.g.. Zn on two opposite faces pointing towards the 
centre and arc called ‘di topic'. A guest molecule I ike A ,4 ‘-dipyridyl which fils nicely in 
the cavity forms strong comp ten with its two basic nitrogen a toms coordinating with the 
metal atoms (Sunderland 1990). 

1 6.4,6 Calixnrcees 

The calixarcnu arc a group of phenolic macrocycles formed by condensation of p- 
alkylplicnols(usuallyp-r-buly Iplwmol>nncI formaldehyde with a repealing mi ii as shown 
in die icLramcr 50 (=51) designated as p-:i!kyIcalix |4 ] arcnc (Figure 16.2)). Members 
of the series containing four to fourteen subunit* arc known .They tire so tunned because 
of their dull eq (cup) like structures (tali* IJI Cluck iiii'-iiu i Ii.lIilI - ). Mil- liyilm|i| L i1iL- 
phe nolie Oil groups serve as the pedestal or legs of die chalice as in diagram SI. Their 
chemistry and potentiality as synthetic receptors ami enzyme mimics have hern well 
reviewed (Gutschc I989> Shlnkai 199 1, McKcrvcy and Baluncr 1992).* A few salient, 
features arc discussed. 

* For nuactricycticcaliuphcranili Hid olncinMns, we Miyamoto feid Knllmin (1992), 
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^ Uff Jt21 CaEfaj4J imirf ^fiffcffcirnrpCKprcljvci 

bMrv^andMtfj compatible kiM,**** as toluene. xyJene. 
and pyridine form complexes through ailraciive interactions. The cal.wrcncsare 

S w^iT 1 ? “ ¥CfaJ ^ C[Utni ffltxIinca ^ns: die phenolic 01 [groups cun be 
derivunscd (alJtylaictf.aeylaicd, and soon) togivc anarmy of functional groups suchas 

edicrs, (^ars, anndcs, and rJnojmides as primary binding sites. The f-butyl croups can 

In alkaline medium, die phenolic groups tire deprotonared and are capable of 
bi ding canons. The resulting complexes show iarophoric behaviour and tonjpoft the 
ions through liquid membranes. The oc lamer shows [he Tasiesi rale of transpo^U 
canon selectivity in the order; G’>Rb*»K^Na*>U*. In basic media, the lanthanides 
n^fH,w P !c^« wUi r^buiylcaiix[8]arcnc which arc soluble in organic solvents thus 
providing a method for solvcm extraction and purifieaiion. Chemically modified 
eaJjxarcncs are also good receptors for many retinal molecules and forcationic guests 
tiKludjng some transition metal Ions. Calj^Jarenes containing S and/or N arecapablc 
of binding Jfg * and Ag* selectively and so find use In analyijcaf chemistry. 
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532 Stereochemistry 
16.4.7 Cyclodexlrins* 

Cyclodex iritis sire eye I [c ol igotnas o rg lucosc tlcsi gnaicd as a*(ltcxamcr), mheplamcr). 
and -Koc tamer) cyclodcxuins which flic natural (not syndic lie) rrecpiore. However, 
they have found wide applications in rcccpiorcheraistiyaswcll as in enzyme modelling, 
the stmcliircofa-cyclodcxtrin (a-CD) is shown in Figure 16.22 in different ft™ £3 
and 54 which emphasise its similarity with calixarencs. They have beaker like shapes 
(toroid) having hydrophobic cavities with both ends open. They also belong to the 
caviiand family. The hydrophobic cavity binds many neutral guesis, Benzene is easily 
accommodated in all three cyclodcxirins while anthracene can be incorporated only 
inside the detainer, Anisolc isso trapped intoa-CD thatonly one position,para toGMe. 
is available forchlorin.ilion. Recently, p-CD hns been converted into heptakis - 23- 
cpoxyeyclodcxlrinwtifch is capable rif providing new Jjintii<iruiliiicx(Khrincl ul. 1992). 


H 




Sinuri 16 , 12 a-Cydc>(lcjitnn 

16,5 Erianliosckdivo molecular rccngniliou 

Hnamiosc tee live molecular recognition, commonly known as chi ml recognition, is 
another aspect of molecular recognition by which an optically active receptor can 
discriminate between two enantiomers o fa chiral guest in complex formation. Methods 
of optical resolution, determination of configuration and enamiomcric purity, and 
asymmetric synihcsis previously discussed arc all based on chiral recognition cilher in 
the ground state or in the transition slate. The same principle works here, namely, an 
optically acLive receptor forms iwodiastcreomeric complexes (supermolectiles) diJTcr- 
ing in their free energies and in many of their physical properties such as membrane 
transport ability, solvent extraction properties, and chromatographic behaviour. A few 
exam pics from recent li tc nature are cited below. 


■ for earlier cherro my, see Bender and K&miyama 1?J|; *nd Tthuihi Lflltt 


1 



t 
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Molecular RecognStton: Chrmicat and Stereochemical Aspects 533 
16*5,1 Crown oflicrs with chiral framework 

h i 

Cram, Lchn and others have demonstrated lhat optically active crown ethers and i 
cryptands are capable of enant lose lee live recognition of c hirst ammonium salts (Lehn 
1988). Cram*s group (Peacock cl at. 19 SO) synthes iscdihccrown ether 55 (Figure 16,23) 

In cnwUlomerically pure ^./I-form. The two faces of the receptor are related by a Cjiixis 
which makes the host nonsitkd wlih respect to binding the ciiiral guest— a strategy used 
for cnjuiUoscJeetive synthesis. The RJi receptor 55 preferentially binds salts of D-a- 
amlno acids and esters and the complexes can be extracted by CDCI, from an aqueous 
(DjO) solution. Chiral recognition factors range from a high value of 31 for t 
PhCHCCOjMeJNFljPF, to a low value of 2.3 for McC 11(00,1 l)NI r,CIO,. correspond Eng 
to free energy differences between diaslcrcomcric complexes of 8 kJ mot' 1 to 1.5 kJ 
mot' 1 . The D-amino acid Salts (shown in sawlmrsc formula) fit heller in Lhe circular 
cavity than (heir optical anlipcvlcs. 




Figure |£Js Qiira] Ktoplllon by ertmti dhcra 

Mendoza an d co workers (Gntan c i al. J 992) synthesised an optically active receptor 
S, S-56 containing a chiral (cyclic) guanidinium function, a crown ether moiety, and a 
naphthalene ring. Tt shows a high degree of cnantiosclcctivc recognition towards 
aromatic amino adds such as L-uyp!oplian and L-phenylalanine which is explained by 
lhe formation of several hydrogen bonds simultaneously in the flexible and folded 
receptor es shown in the complex with L-tryptophan. The. naphthalene ring provides 
additional re-stacking interactions, Liquid-liquid extraclion technique has been used for 
resolution. Reciprocally, al lowed c x traction ofD.tryp tophanand D-phenylalan¬ 

ine preferentially, 

f 

16.5.2 Chira l receptor from Kemp's triacid 

Rebek’s group (Jeong et al. 1991) have synthesised an optically active receptor 57 
(Figure 16.24) derived from Kemp's triadd in which amide and lactam 
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534 Stereochemistry 

functions converge within n clefilike cavity. It shows a very high cnantiosclcctive 
recognition in its completion with diketcYpiperarines such as cydn-L-lcudnc-L- 
Icuclna (Add* value of 10 kJ moH) In dn profaned complex S7, four hydrogen bonds 
arc formed without incurring any unfavourable steric interaction (with the R groups 
pointing outwards). For a mismatched fit. at heat throe hydrogen bonds can be 
formed. 



sa 


Figure HL24 (a) Chin] TCcpinr derived from. Kemp'i imdd (b) Chiral teapot J« di-acyl iwtralo 

16-5-3 Chiral receptor for inrlaric acid 

Hamilton and ^workers (Gurtia-Tclhdo et al. 1991) hav* synthesised the receptor 
l?’(-)-58 having q symmetry for chiral recognition ofdiacylaicd (±)-tartaric acid also 
wiili Cj symmetry. It hits two acyliiiumopyrit fine units linked ihioLip.h tlie chiral IJ'- 
binaphthyl spacer. The two anti carboxyl groups, apparently buund to the two opposite 
faces of the binding cavity with the two acyloxy groups hanging outwards as shown in 
the complex 58 with L-f+J-dcrivativc, is slightly favoured (stcrically) over the one with 
D-W- derivative in which the acyloxy groups ait pushed upwards, 

16.5.4 Cyc Index trim: and derivatives 

a-Cyctodcxtrh (natural) has been used for enantiosctcciivc binding of tryptophan 
(Lipkowfeky et al. 1992) forming inclusion complex. The more lightly bound R- 
enamiomcr forms twice su many hydrogen bonds oj itsoptical antipode. Rizzarolli and 
cowcA^ (I m pel I tetri et al, 1991) have used ft*d«xy-6-^hi 5 mmi n( >.p.csx:lotlexLrin 
coppeifll) complex a s an enantioselective receptor for aromatic amino acids. For 
example. D-try ptoplumbinds strongly to it with thearomatic ring trapped inside the CD 
hydrophobic cavity while Ltiyptephan leaves the ring system outside ns shown in the 
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rigwn 16 ,15 Chiral ncopijum by cyetotfHtrin iini vflllva 

^^k„o^ CIlmPlC30rCn “' iOSflCCUve crcyctodc. 


J 6.5 Molecular r«o^niir a i, mid ca(atj?L' 

Iu/« co“^ S cx^ ,, “ 'Sr^Ud 1 ^"' 1 j i ons “ l, « r ~'''B<«»hoa- 
indocuhr rccogniikwi antJ cuLalysk in a hi.i (n nrrv! ^ lflM ^ vcr - is t0 ^CTSC 
enzymes. A pnri from the Kiel [Jiai llicsutatatcrhM f t . UCC cn/ 'J' mc / nimi « ! or artificial 
Ccn/iijipfcrctiiimresmiiMl^iiilfiJhtiim f ^f' ^casusccpiiNcboriHofcaeion, 

UmsM icrlcand sUcrene-lL-un,uj c rt> ,L,i^ mi ..,,. ‘ r.\., J|JM| salary 

by liic hydroly lie cleavage offiJycnjil(ld,\*JisilB.irr!I rCilCll ' m ' ' n,,J[ “ i[I usinlcd 

JwncbyRcbck'serOupusincacrfdincbisimirtr^Hr? Mch ^ S cin quinwlicji- 

Then in certain hosis.Vn:can£ ! S aZ hi«r ^ fror " Kcnapsuiacid (seep. 519}. 
P0.cn.ir,I rcacLan. “* “ SCCMd «*" £ 

susceptible bond of ihc bound substrate I. nn . 7 ? * "** In c,0 “ Pn35!imity of the 
transiiion state easily bui also provides dieTinciic^l^^^‘ heconipIcxinm ^ 

k a _ _ 


A more np[troptinte eumplc wj[ he given later. 


I 


Unlmilar Rrcngnlltm ■ Chemical , m l tupecu »5 

, - m .iviHii nj ifu-1 j-i H jtaiiifcOfjii ! r i^rsivi %U nj k luclluhl (or rcMilLicinn ofD 

!£ 22 *" *' “«V' «* <' >■■ r« .ij „r J.SSSSS 2 

€li/fnriiHnj|tmphjr fur ojMictil ivjirdidHPHitraai uniiim ^ i 
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536 Stereochemistry 


i 


mentarity with Ific host lowering the activation energy. These are also the principles on 
which enzyme catalysis works. Literature is replete with example s (scc.Tabushi 1984; 
Breslow 1985; Corey 1938; Page and Williams 1937)- A few selected ones from recent 
J item turn arc given in ihc following sub-sections; The catalytic activity in most cases is. 
very modest compared id that of the enzymes. 

16.6. L Fhosphudiesler clcn vogc 

In an attempt to design artificial catalyst for phosphnd tester cleavage (important for 
partial hydrolysis of DM A aiul KN A), I Lnmlion and coworkers (Jnhianclal. 1992) have 
synthesised Ihc receptor 61 (Figure 16.26) which is well-suited to stabilise die trigonal- 



Figure I^C^ifysii forphoiflwdinter sluvaj;c 


bipyramida! intermediate B in the cleavage qf the phosphodicster A to C by a nucleophile 
(Nu). The ground stale complex is represented by 61-A and the activated complex by 
6t*B. The isoplithaloyl spacer provides die sterile fit and the two guanidinium moieties 
facilitate proton transfer from die receptor to the leaving group in the second step. The 
phosphor?I transfer in die substrate D (an intramolecular reaction to give R) in Ihc 
presence of 61 follows pseudo first order kinetics. Comparison of the first order rate 
constant with that of die uncaulysed reaction shows a 700-fold rate acceleration. The 
reaction follows Michaclis-Mcntcn kinetics showing saturation behaviour. Apparently, 
the combined effects of hydrogen bondings and electrostatic interactions (charge 
neutralisation) in 61*B lowers the activation energy. 
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Molecular Recognition: Chemical and Stereochemical Aspects 537 
16.6.2 Hi's u tat rale readmit template 

Kctlc, ma (ITKJ, lu.r. Ble „ illflcnup< aiHMMd, f« oclikving caulylic 

C f « l “ iri r^ C ^^«li ,|l,itlcl1 h,, " l,rm ' ,, "U n “* lh«3t. Tl»c u-cquuf Hioti-L-ub (upficr IwlT 

Qf 62111 f-ijjurc 16.27 j Imiwti mics u i bi fid t wtisubsiiiaicj which ait capable of rcactinc 

i each other as shown in 62 to form the product 63. The complex 62 is a icmary one 
and because of the appropriate stcric disposition of the two reacting functionalities and 
of the in LramcicoilarUy of the reaction, iigiv« theproduet 63 nther easily wiih a 6 fold 
rate acceleration. Because of the identical binding sites, some non^pntxlucdve teinary 
complexes arc also formed. Subsequently by using non identical binding sites as in 64 
which permits the formal ion of liie productive complex only. the acceleration rale has 
been increased by a fncUw of 12 . Control si tidies arc consistent wiih the i a termed iary or 
a ternary complex. The syntheses arc rare examples in which a bond-forming reaction 
ra [her than a bond-cleavage react ion is caia lysed (the prod nets 63 an d 65 ha vecach a new 
C-N bond}. Die hmifrag siiexiif ilie nctcpiors, Imwqvcr, do not resemble Uicactivesilcs 

of any enzyme. I lie rcccplors t therefore .cannot be projicrLy called enzyme models but 
art; artificial enzymes. 



“'TOx^xerr* ‘“rtcr w, xo ’ 0 

« <s 

f’Tjl'Uf t J t,l711-iiu bid rile rrj^iitin 


I6JS3 Catalytic hydrolysisorndenosme iriphosphale 

Lehnand coworters (s« Lehn mS) have shown that prolonged macrocycllc polyatn- 
tt, 111 ^ ^chy dro'ysis of adenosine triphosphate (ATP) toadcnosinc di p hospliatc 
(ADP). Thus the 24-membercd cyclic hexaammonium 66 (Figure 16.28) binds ATP 
singly (five of the sis ammonium ions am hydrogen bonded lo four oxygens of the 
triphosphate) as shown. This js followed by an inimmolccufar transfer of Ihc IcrminaJ 
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ee 


67 


ITglif* U5JJ Couljiic hydrolytisof idtnctirc lri|rfM»ptaie 

_ 5 E ifllC 1 h tch Uicn loses phosphate ion 

by reaction with water. The probable median ism given here resembles that of hydrolysis 
by Uie serine proteoses. A transient imcrmediaic identified as phosphoramiddle (>N- 
POp. conceivably 67 isconsistentw]ih die mechanism. 


I 6-6,4 Purlin I tmnsocylase mimics 

Cram and coworkers (for refs, see Cram 198H) liave synthesised partial tnmsacyk.sc 
nimi lev the active sues (If which |wlly rcacmhlc Hnisc MfchyriKilryiwin wnwiMhiKiirn 
nucleophilic hytfroxy!. nn imiilci/jile.illlilacjiUisyl group. h m mil tHisMlilu tinli\ciivi 
here Ihc comply structural fcaliircs of Ihc mimics which me hmiwn In ucylme 
appropriate substrates (in a first order reaction rale) with a rue acceleration by several 
powers of ten* 


16.6.5 A model for ri bon tie lease 

Brestow and cowortcrs (1978) have prepared p-cyclodcxlrinylbisim kl.uolc 68 (Figure 
16.29) wliiuli catalyses ihc hydrolysis ofcyclic phnsphnicsfsiicli ns.4-f-luiiylctitfClirt] 
cyclic monophosphate) in a selective nijitiicr with bilunctional cutalysis, a neutral 
imidazole and an imidazolhim cation serving as the two functional groups, With the t* 
butylplicnyl group hydrophobia I ly bound inside the CD cavity, the cyclic phosphate 
group is placed between two imidazole moieties: one acting as a general base and die 
other (N-proionated) acting as proton donor selectively to P-0 1 of the cyclic phosphate 
(iit'Iine mechanism resembling that of ribonuclease). Wiih the two imidazole groups 
hydrogen-bonded to (nucleophilic) water molecule and [he leaving oxygen at the spiral 
position of a trigonal bipyramid, (he in-line mechanism can give only 4'/-buiyl-2- 
monophospfiaie rcgiosclcc Lively (which is the miner product in alkaline hydrolysis) 
through the intermediate 69. Although 68 resembles ribonuclease in its active site and 
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Jfi.fi.fi Antibody r^lalr.vis 

lo omitH,, Jy „ l^l y m ™7' np f 10 wit,Klu 1 referring 

,,S l^ Dc "7 ic '“ 

polypeptide chain* jScuTby "p^°}-“ 1 'ympb wT" 0 * l ? bu 1 CM *ai"S of four 
* foreign Rttcramoleculc, knownTs anSSf ° r ." nmunoc y«Jin response 10 

-•*■* „ biehly MmplCfn °rj; rs ses z ,Kc ^ **» «■ 

^mediate interest, however j s the fiei ihar ^ .f 0 " 11 strtM £ comple*. Of 
coupled (o a carrier macrornc Iccu lc c. f ^ ? f a srruM Occult (hapten) when 
oodbodta -W.conpfcmm^h-i jf*SK^“ b |Sr^* dee ^ 
JMepiofs Tor the hapten analogues AferEw ?■ %% speci fic and selective 
Stlccled and grown & y hybridoma lechnmiie in n” J 0 " 1 an “ bod y producing cells are 

^hfehJ '** »y using Zupteni 

siaic of the intended raiciioft. the WndLig5SS^11l5? * ,c ™^ ^don 
selectively stabilise the transition stale *® wdcagiwd that they 

down the JCLivjtion energy Forexamnr^ * i w 1 u r r fWogniiion and Lhuj bring 

analogues ofcarbonate and ester hvdml«*■<■ ^ ^ onate winch are transition state 

accelerated rates. W*)f*a respectively, catalyse Ihc* factions with 
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540 Stereochemistry 

In □ second strategy„ the antibody binding sices arc so inilorcd by specific haptens 
due die reacting pzu'iiicr.s. arc bmtighl into Close proximity ns required in 3 highly ordered 
transition slate. Here Die niililnnly sites Ixlmvcus ciilrnpic Lr,ip\ anil ld[i (o nvrrcnuii: 
the crimpy dkindvantage. Tor example, a hapten with iicycUilicxanc rinji locked into a 
cimroninliffli rencmhlinj’ ihc highly orrlcr&l nieli-AUrr |r:umiiion state with the l»rlp 
of art cl li a no bridge genera Ees an antilXxl y wli id i wx m li I C:il ul ysv-11 ie eye Cn -m hi 1 1 it in (l"i re 
shoylil betaken |lmt the binding Sites do ml M.nhilisc Ik product), 

In a Ulird variation, sptXinccatiilylk^iiraipse,^,, ofgeneral acid ki'ir ly^inny Iv 
introduced into the binding .sites. 'Hurt in 13 elimination nl a IMliKimketoru; (iir |i- 
hydroxy ketone), a linpttn of analogous sCriKiurc 1>m with die tr-J I replaced! by an 
ammonium group is used co induce a complementary carboxylafc anion in the binding 
sites of the antibody next load I which is lb us extracted easily, 

Tnycl another variation,an antibody may be raised to a multi,substrate analogue so 
that the binding site s con si tnu I tancously bind a t nfa c to r and die Substrate to total ysc ihc 
reaction in ihc enzymic fashion. In essence, there is no fundamental difference between 
enzyme catalysis and ami body catalysis both showing high selectivity, high reaction 
nile, Hitunilimi, inhibition, ami MkkidisMoiUfn kinetics, The advantage of ihc 
antibody catalysis lies in its versatile application covering retie Urals tanging I runt 
peptide bond cleavage to pcricyltc reactions (see Lerner ci al. 1991 for examples). 


16,7 Molecular self-assembly 

Molecular self-assembly is a process in which relatively small molecules undergo 
spontaneous association to give stable, large, and structurally wctl-dcfinoi aggregates 
under equilibrium conditions. Self assembly Is a basic feature of supnmioIccuUtr 
chemistry and works on the principle of molecular recognition. It is a very common 
occurrence in a biological System. best illustrated by the spontaneous double bdl* 
fonnauon of nucleic acids. The strategy for non-biological self-assembly is the same as 
that for the biological systems: noncovalcm interactions work collectively over a large 
area within the component molecules so that their combined effects overwhelm the 
unfavourable entropy factor and the supramotcCLitar structures conform to ihcrmody- 
“ c minima. An element of positive cooperaiivity is also desirable. This means lhaL 
any modification or the conformation of individual units on binding UtVes place in such 

their affinity for Live other components Timm: tee If assented 

STT? h "* T** pufC *****- «wy>*. or liquid crystals* (mesonhasie) in 

Ercc .°f < ton C-™ngc) positional and orientational order is vc™ hirh in 

. 

structural featuresarc presented (sccLelin 1990. Sioddart 1991). * * 

hWf ’ nC "***' 0l “'™ prim s ind 


rotnttuntj by 
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16.7.1 Morccurarwlf-asscmblji bind on h)drn K rn bunds 

<P. 520). Two ™ ro cjamptes a^ttSTd ££T " WWk ° r Rcb ' k, ‘ — 
atlcs. In 041 wous MluUon' llwy fora a'l c ™plciwn Br* hydrogen hiding 
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i ^"r* l&M Mojecaltr fcir-uiemMy Um^h wi^fcnwnuiy h^rojwi bonds 

In Lhc secondexample (Uhn 19W). 2,4, e-maminopyrimidine (TAP) and harbi- 
dcnvalivcs (DA) forni 1:1 cocrysiab the stnicjurc or which as 71 has been 
established [see Figure Ifi.30b). The supcimoJocutes resemble a kind orsdf-assembled 
ladder polymers of nanocnetric sire showing left righidifrerenLiaiion atthe raokcuteJ 


1 &3*2 MetaJ*contd in a tc d stl hlj 

An interesting ManipJeofmetaKooidiaaJcdseir assembly is found in the spontaneous 
association of Substrates such os 72 (Figure 16.31} contain!n fi two to five bipyridine 
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542 Stereochemistry 

<bpy) groups, jnctuccd by Cu(H ions (see Lclm I 990). Tire two ligand strands coil around 
quehn Liter in ft double helical fash ion |>ckl together by the [etralhttlral binding site (shown 
nuhe fight) of Cii(l) inn which eomifinatcr wJlfi four pyridine Jiilfttgcnx. Hie ■!■-. Iri-, 
Lclra-.and pcrunhclicnic.slhnvc bcfiHihciini'tl ilsu»;> 72withii=0, l ,2.:uul 1 rv*iKX lively. 
Tile structure 7,1 represents die triltclicnle. 





?£ 73 

Figure 16Jl McOl toifJiruiuJ 3*1 f ivtcmbly: heticaJfl 

That Lhc hdicatc form alien Lakes place with positive coopcraii vity and wiih self- 
recognition is established by lire Tael Uni if ligands with different number of bpy units 
arc used, only i den deal strands form the hdi*. 


16.73 Molecular necklace 

Karada et al. (1992) have shown that polyethylene glycol (PEC) penetrates the beaker 
like tunnel of a-cjiclodestrin (CD), Several CD molecules can be threaded on a single 
PEG chain and the two terminals can be capped with bulky groups thus forming a 
mnlcculnr cl win or 'molecular necklace*. These workers have obtained inclusion com. 
prexes I>r u-CD wiLli |udy (ethylene yjyet)1)bi.s:iiiiijh; nod then capped the twocmE* by 
reacting with 2^-dinilronuorpbcn/cnc to give 74 (Figure 1632). 



Uliurc 16 J2 ncddau 
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i* 

16.7.4 [VI heel hi neonscasts i>f sdf-iisuemMy 

i I 

Stoddan and co workers have prepared a number of supramolcaifar assemblies using 
catenaries and [2jps«]dormaxanes fsee Dietrich-Bucheclter and Sauvage 1991) which 
they have named as molecular shuttles (AncIIi el al. 1991),. molecular trains (Ashion et 
nl. 1991). and molecular meccano (Anelli ct aL 1992). Howtvtr.any further discussion 
on this aspect is beyond the scope of the book. 

16,8 Conclusion 

The supra molecular chemistry based on molecular recognition has added a new 
dimension In chemistry and stereochemistry and is a fast growing subject. Wlmt is 
discussed hem is only the tip of the iceberg and serves asan introduction to this vast and 
diversified Held. In conclusion, men cion may be made of the different areas in which it 
has potential applications and these one: (i) quantification forsystems of biological and 
medicinal interest such ns enzymes, pharmaceutical receptors, antigen-antibody sys* 
ictns. and nucleic acids, (ii) modification of proteins and genetic engineering, (iiij drag 
design and drag delivery, (iv) new analytical and diagnostic methods, (v) development 
of molecular sensors, switches, etc., and (vi) Synthesis of enzyme models and artificial 
enzymes (sec Schneider 1991). 
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